PCT 0" 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



VORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




TX2 



(51) International Patent Classification 7 : 
A61K 39/00 



A2 



(11) International Publication Number: WO 00/66154 

(43) International Publication Date: 9 November 2000 (09.11.00) 



(21) International Application Number: PCT/US00/1 1 478 

(22) International Filing Date: 27 April 2000 (27.04.00) 



(30) Priority Data: 
60/132,506 



4 May 1999 (04.05.99) 



US 



(71) Applicants: ARCH DEVELOPMENT CORPORATION 
[US/US]; University of Chicago, 5640 South Ellis Avenue, 
Chicago, IL 60637 (US). MRJ TRUST [US/US]; c/o Mark 
Rust, Barnes & Thronburg, 2600 Chase Plaza, 10 South 
LaSalle Street, Chicago, IL 60603 (US). 

(71)(72) Applicants and Inventors: MCLEOD, Rima, W. [US/US); 
5729 Kimbark, Chicago, IL 60637 (US). ROBERTS, Craig 
[GB/GB]; Dept. Immunology, University of Strathclyde, 
Glasgow, G4 0NR (GB). ROBERTS, Fiona [GB/GB]; 
17 Kirlee Circus, Glasgow G12 0TW (GB). JOHNSON. 
Jennifer [US/US1; 14667 19th Street North, Stillwater, 
MN 55082 (US). KIRISITS, Michael [US/US]; 434 W. 
Roscoe St #6A, Chicago, IL 60657 (US). FERGUSON, 
David [GB/GB]; Nuffield Dept. of Pathology, University 
of Oxford, Level 4, Academic Block, John Radcliffe 
Hospital, Headington, Oxford OX3 9DU (GB). LYONS, 
Russell [GB/GB]; Dept. of Immunology, University of 
Strathclyde, Glasgow G4 0NR (GB). MUI, Ernest [US/US]; 



2727 S. Princeton, Chicago, IL 60616 (US). HASELKORN, 
Robert [US/US]; Chicago, IL (US). MACK, Doug [US/US]; 
260 Fairbank Road, Riverside, IL 60546 (US). SAMUEL, 
Benjamin [US/US]; 541 W. Briar Place, Chicago, IL 60657 
(US). GORNICKI, Piotri [US/US]; 5050 S. Lake Shore 
Drive #3315, Chicago, IL 60615 (US). ZUTHER, Ellen 
[DE/DE]; Greifswalder Strasse 21, D-10405 Berlin (DE). 

(74) Agents: MARTIN, Alice, O. et a!.; Barnes & Thornburg, 2600 
Chase Plaza, 10 South LaSalle Street, Chicago, IL 60603 
(US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN. CR, CU, CZ. DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL. IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK. MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD t SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report 



(54) Tide: ANTI-MICROB IAL AGENTS, DIAGNOSTIC REAGENTS, AND VACCINES BASED ON UNIQUE APICOMPLEXAN 
PARASITE COMPONENTS 

(57) Abstract 

This invention relates uses of components of plant-like metabolic pathways not including psbA or PPi phosphorfructokinase and 
not generally operative in animals or encoded by the plastid DNA, to develop compositions that interfere with Apicomplexan growth and 
survival. Components of the pathways include enzymes, transit peptides and nucleotide sequences encoding the enzymes and peptides, 
or promoters of these nucleotide sequences to which antibodies, antisense molecules and other inhibitors are directed. Diagnostic and 
therapeutic reagents and vaccines are developed based on the components and their inhibitors. A cDNA sequence that encodes chorismate 
synthase expressed at an early state of Apicomplexan development, is disclosed and may be altered to produce a "knockout" organism 
useful in vaccine production. 





IX- 

0* 



BNSOOCID: <WO 0066154A2_I_> 



BEST AVAILABLE COPV 



V 




♦ I 



FO/? PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


PR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


OA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 




SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSDOCI& <WO 0066154A2_L> 



WO 00/66154 




PCT/US00/11478 



- 1 - 



ANTIMICROBIAL AGENTS, DIAGNOSTIC REAGENTS, AND VACCINES 
BASED ON UNIQUE APOCOMPLEXIAN PARASITE COMPONENTS 

Inventors: Rima LAV. McLeod et aL 

5 

The U.S. government may have rights in this patent by means of partial support 
under: NIH NIAID TMP R01 Al 16945; NIH N1AID TMP R01 AI 27530, and NIH 
ROI AI 43228. 

10 This invention relates uses of components of plant-like metabolic pathways not 

including psbA or PPi phosphorfhictokinase and not generally operative in animals or 
encoded by the plastic DNA, to develop compositions that interfere with Apicomplexan 
growth and survival. Components of the pathways include enzymes, transit peptides 
and nucleotide sequences encoding the enzymes and peptides, or promoters of these 

15 nucleotide sequences to which antibodies, antisense molecules aiid other inhibitors are 
directed. Diagnostic and therapeutic reagents and vaccines are developed based on the 
components and their inhibitors. A cDNA sequence that encodes chorismate synthase 
expressed at an early state of Apicomplexan development, is disclosed and may be 
altered to produce a "knockout" organism useful in vaccine production. 

20 

BACKGROUND 

Apicomplexan parasites cause the serious diseases malaria, toxoplasmosis, 
^^ryptosporidiosis, and eimeriosis. Malaria kills more than 2 million children each year. 
Toxoplasmosis is the major opportunistic brain infection in AIDS patients, causes loss 
25 of life, sight, hearing, cognitive and motor function in congenitally infected infants, and 
considerable morbidity and mortality in patients immunocompromised by cancer, 
transplantation, autoimmune disease and their attendant therapies. Cryptosporidiosis is 
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an unbeatable cause of diarrhea in AIDS patients and a cause of epidemics of 
gastrointestinal disease in immunocompetent hosts. Ehneria infections of poultry lead 
to billions of dollars in losses to agricultural industries each year. Other Apicomplexan 
infections, such as babesiosis, also cause substantial morbidity and mortality. Although 
5 there are some methods for diagnosis and treatment of Apicomplexan caused diseases, 
some of these treatments are ineffective and often toxic to the subject being treated. 

The tests available to diagnose Apicomplexan infections include assays which 
isolate the parasite, or utilize light, phase, or fluorescence microscopy, ELIS As, 
agglutination of parasites or parasite components to detect antibodies to parasites, or 
10 polymerase chain reaction (PCR) to detect a parasite gene. Most of the assays utilize 
whole organisms or extracts of whole organisms rather than recombinant proteins or 
purified parasite components. In many instances, the available assays have limited 
ability to differentiate whether an infection was acquired remotely or recently, and are 
limited in their capacity to diagnose infection at the outpatient or field setting. 

The primary antimicrobial agents used to treat toxoplasmosis are 
pyrimethamine (a DHFR inhibitor) and sulfadiazine (a PABA antagonist). The use of 
pyrimethamine is limited by bone marrow toxicity which can be partially corrected by 
the concomitant administration of folinic acid. T. gondii cannot utilize folinic acid but 
mammalian cells can. Another problem is that pyrimethamine is potentially teratogenic 
in the first trimester of pregnancy. The use of sulfonamides is limited by allergy, 
gastrointestinal intolerance, kidney stone formation and Stevens-Johnson syndrome. 

There arc a small number of antimicrobial agents utilized less frequently to treat 
tONOplasmos:* These include clindamycin, spiramycin, azithromycin, clarithromycin 



15 



20 
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and atovaquone. Usefulness of these medicines for treatment of toxoplasmosis is 
limited by toxicities including allergy and antibiotic-associated diarrhea, (especially 
Clostridium difficile toxin associated colitis with clindamycin use). Lesser or 
uncertain efficacy of macrolides such as spiramycin, azithromycin, and clarithromycin 
5 also limits use of these antimicrobial agents. Atovaquone treatment of toxoplasmosis 
may be associated with lack of efficacy and/or recrudescent disease. There are no 
medicines known to eradicate the latent, bradyzoite stage of T. gondii, which is very 
important in the pathogenesis of toxoplasmosis in immunocompromised individuals or 
those with recurrent eye disease. 

10 Medicines used to treat malaria include quinine sulfate, pyrimethamine, 

sulfadoxine, tetracycline, clindamycin, chloroquine, mefloquine, halofantrine, quinidine 
gluconate, quinidine dihydrochloride, quinine, primaquine and proguanil. Emergence 
of resistance to these medicines and treatment failures due to resistant parasites pose 
major problems in the care of patients with malaria. Toxicities of mefloquine include 

1 5 nausea, vomiting, diarrhea, dizziness, disturbed sense of balance, toxic psychosis and 
seizures. Melfoquine is teratogenic in animals. With halofantrene treatment, there is 
consistent, dose-related lengthening of the PR and Qt intervals in the 
electrocardiogram. Halofantrene has caused first degree heart block. It cannot be 
used for patients with cardiac conduction defects. Quinidine gluconate or 

20 dihydrochloride also can be hazardous. Parenteral quinine may lead to severe 

hypoglycemia Primaquine can cause hemolytic anemia, especially in patients whose 
red blood cells arc deficient in glucose 6-phosphaic dehydrogenase. Unfortunately, 
there arc no medicines known to be clleciKc in the treatment of ciypiosporidiosis 
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To more effectively treat Apicomplexan infections, there is an urgent need for 
discover)* and development of new antimicrobial agents which are less toxic than those 
currently available, have novel modes of action to treat drug resistant parasites that 
have been selected by exposure to existing medicines, and which are effective against 
5 presently unbeatable parasite life cycle stages (e.g., Toxoplasma gondii bradyzoites) 
and presently unbeatable Apicomplexan parasites (e.g., Cryptosporidium parvum) 
Improved diagnostic reagents and vaccines to prevent these infections are also needed. 

Information available on Apicomplexan parasites has not yet provided keys to 
solutions to health problems associated with the parasites. Analogies to other 
10 organisms could provide valuable insights into the operations of the parasite. There 
are reports of Apicomplexan parasites having plastids, as well as the nuclear encoded 
proteins, tubulin, calmodulin, PPi phosphofructokinase and enolase, which are reported 
to be similar in part to, or homologous with, counterparts in plant-like, lower life forms 
and higher plants. There are reports of a plastid genome and components of a protein 
15 synthetic system in a plastid-Iike organelle of Apicomplexans. Plasmodium and 

T. gondii plastid DN A sequences were reported to have homologies to algal plastid 
DNA sequences. The plastid membrane of T. gondii was reported to be composed of 
multiple membranes that appear morphologically similar to those of plant/algal 
chloroplasts. except for the presence of two additional membranes in the T. gondii 
20 plastid. suggesting that it may have been an ancient algal endosymbiom. Some of these 
Apicomplexan proteins such as tubulin, calmodulin and enolase with certain plant-like 
features also are found in animals, and therefore may appear in the host as well as the 
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parasite. A homologuc lo a gene, psbA encoding a plant protein important for 
photosynthesis, also was said to be present in Apicomplexans. . 

Certain herbicides have been reported to inhibit the growth of Apicomplexans. 
The herbicides which affect growth of Apicomplexans are known to affect plant 

5 microtubules or a plant photosynthetic protein. In addition, a compound, 

salicylhydroxamic acid, (SHAM), had been found to inhibit Plasmodium falciparum 
(malaria) and Babesia microti. 

Techniques of medicinal chemistry and rational drug design are developed 
sufficiently to optimize rational construction of medicines and their delivery to sites 

10 where Apicomplexan infections occur, but such strategies have not yet resulted in 
medicines effective against Apicomplexans. Rational development of antimicrobial 
agents has been based on modified or alternative substrate competition, product 
competition, change in enzyme secondary structure, and direct interference with 
enzyme transport, or active site. Antisense, ribozymes , catalytic antibodies, disruption 

1 5 of cellular processes using targeting sequences, and conjugation of cell molecules to 
toxic molecules are newly discovered strategies employed to interrupt cellular 
functions and can be utilized to rationally develop novel antimicrobial compounds, but 
they have not yet been utilized to design medicines effective against Apicomplexans. 
Large scale screening of available compounds with recombinant enzymes is used to 

20 identify potentially effective anti-microbial agents. 

Reagents to diagnose Apicomplexan parasite infections have been developed 
targeting components of Apicomplexans or immune responses to the parasites, using 
liLISA. western blot, and PCR technologies, but improved diagnostic reagents. 
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especially those that establish duration of infection or that can be used in outpatient 
settings are needed to diagnose Apicomplexan infections. No vaccines to prevent 
Apicomplexan infections are available for humans and only a live vaccine prepared for 
prevention of toxoplasmosis in sheep is available for livestock. 
5 To summarize, Apicomplexan parasites cause substantial morbidity and 

mortality, and treatments against the parasites are suboptimal or non-existent. 
Improved antimicrobial compounds that attack Apicomplexan parasites are needed. 
Because the diseases Apicomplexan parasites cause in some instances are due to 
recrudescence of latent parasites, an especially pressing clinical problem is that there are 
1 0 no effective antimicrobial agents effective for treatment of these latent parasite life cycle 
stages, especially in sequestered sites such as the brain or eye. New approaches and 
drug targets are required. Better in vitro and in vivo assays for candidate compounds 
arc also needed. Better diagnostic and therapeutic methods, reagents and vaccines to 



prevent these infections are needed. 



15 



SUMMARY OF THE INVENTION 

This invention relates uses of components of plant-like metabolic pathways (not 
usually associated with animals, not encoded in the plastid genome, and not including 
psbA or PPi phosphofructokinase) to develop compositions that interfere with 
20 Apicomplexan growth and survival. Components of the pathways include enzymes, 
transit peptides and nucleotide sequence* encoding the enzymes and peptides, or m 
promoters of these nucleotide sequences, to which antibodies, aniisense molecules and 
other inhibitors are directed. Diagnostic and therapeutic reagents and vaccines arc 
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dcvelopcd based on the components and their inhibitors. Attenuation of live parasites 

through disruption of any of these components or the components themselves provide 

vaccines protective against Apicomplexans. 

Transit peptides are used to identify other proteins and their organelle targeting 

5 sequences that enter and exit from unique Apicomplexan organelles. The identified 

components are potential for production of medicines, reagents and assays, and 

vaccines. The protein which includes the transit peptide is not necessarily an enzyme in 

a biochemical pathway. 

The methods and compositions of the present invention arise from the 

* » 

10 inventors' discover}' that metabolic pathways, and targeting signals similar to those 
found in plants and algae, especially, but not exclusively those encoded within the 
nucleus, are present in Apicomplexan parasites. These plant-like pathways in 
Apicomplexan parasites are targetable by inhibitors, as measured by determining 
whether the inhibitors, either singly or in combination, are effective in inhibiting or 

15 killing Apicomplexan parasites in vitro and/or in vivo. 

The present invention includes new methods and compositions to treat, 
diagnose and prevent human and veterinary disease due to Apicomplexan infections. 
The invention is based on applications and manipulations of components of algal and 
higher plant-like metabolic pathways discovered in Apicomplexan parasites. "Planl- 

20 like" means ihzi products of the pathways, enzymes and nucleotide sequences encoding 
enzymes in the pathways, are homologous or similar to products, enzymes and 
nucleotide sequences known in plants, wherein plants include algae. As used herein, 
"plant -like" excludes metabolic pathways generally operative in or identical to those in 
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animals and pathways involving psbA or phosphofructokinasc and those encoded by the 
plastid genome. The limits of a "pathway" are detlncd as they are generally known to 
those of skill in the an. Methods to detect plant counterparts in Apicomplexan include: 
a) immunoassays using antibodies directed to products and enzymes known in plants. 
5 b) hybridization assays using nucleotide probes that hybridize to specific sequences in 
plants; c) determining homologies of Apicomplexan nucleotide or protein sequences 
with plant nucleotide or protein sequences; and/or d) substrate tests for specific 
enzymatic activity. 

The "plant-like" pathways of the present invention are identified by: 




a) identification of metabolic pathways characteristic of plants but not generally 



present in animals; 

b) identification and characterization of Apicomplexan enzymes, nucleic acids 
and transit sequences as components similar or homologous to those in a); 

c) identification and development of compounds (inhibitors) which abrogate the 
15 eftect of the components of the pathways in vitro and in vivo, singly or in a plurality, 

against one or more types of Apicomplexan parasites and in conjoint Apicomplexan. 
bacterial and fungal infections. 

The identified pathways are then used for: 

a) rational design or selection of compounds more active than the known 
2v compounds (inhibitors), with good absorption following oral administration, with 

appropriate tissue distribution and without toxicity or carcinogenicity; 

b) testing of such rationally designed compounds alone and together for safety, 
ellkacy and appropriate absorption and tissue distribution /// vitro and /// vivo. 
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c) development and testing of diagnostic reagents and assays; 

d) development and testing of live attenuated and component based vaccines. 
By locating new targets in Apicomplexan pathways, doors now are open for 

development of more effective antimicrobial agents to treat Apicomplexan parasites in 
5 humans and agricultural animals. In addition, enzymes in these plant-like pathways 
provide improved diagnostic tests for diseases caused by Apicomplexans. Vaccines 
against infectious diseases caused by Apicomplexan parasites are derived from the 
novel compositions of the invention. 

A method for inhibiting an Apicomplexan parasite, includes selecting the 
10 metabolic pathway of the present invention and interfering with the operation of the 
pathway in the parasite. The Apicomplexan parasite is preferably selected from the 
group that includes Toxoplasma, Plasmodium, Cryptosporidia, Eimeria, Babesia and 
Tliei/eria. The pathway may utilize a component encoded by an Apicomplexan nuclear 
gene. 

1 5 Suitable metabolic pathways or components include 

a) synthesis of heme from glutamate and tRJMA glu by the plant-like, heme 
synthesis (5 carbon) pathway (hereinafter the "heme synthesis pathway"); 

b) synthesis of C4 acids (succinate) by the breakdown of lipids into fatty acids 
and then acetyl CoA, and their use in the glyoxylate cycle (hereinafter the 

20 "glyoxylate cycle"). 

c) synthesis of chorismatc from phosphocnolpyruvate and cryihrosc 4 
phosphate by the shikimatc pathway (hereinafter the "shikimaie pathway"). 

d) syiuhosis of icirahydrolblaie from chorismatc by the shikimatc pathway. 
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e) synthesis of ubiquinone from chorismate by the shikimaie pathway; 

f) electron transport through the alternative pathway with use of the 
alternative oxidase (hereinafter the "alternative oxidase pathway"); 

g) transport of proteins into or out of organelles through the use of transit 
5 sequences; 

h) synthesis of aromatic amino acids (phenylalanine, tyrosine and tryptophan) 
from chorismate by the shikimate pathway; 

i) synthesis of the menaquinone, enterobactin and vitamin Kl from chorismate 
by the shikimate pathway; 

10 j) synthesis of the branched chain amino acids (valine, leucine and isoleucine) 

from pyruvate and ketobutyrate by the plant-like branched chain amino acid 
synthesis pathway; 

k) synthesis of the "essential" (i.e.. not synthesized by animals) amino acids, 



histidine. threonine, lysine and methionine by the use of plant-like amino 
1 5 acid synthases; 

1) synthesis of linoleneic and linoleic acid; 

m) synthesis of amylose and amylopectin with starch synthases and Q 

(branching) enzymes and their degradation; 
n) synthesis of auxin growth regulators from indoleacetic acid derived from 
20 chorismate; 

o) synthesis of isoprenoids (diterpenes. 5 carbon units with some properties of 

lipid*) such as gibercllins and ahscidic acid by the mevalonic acid to 

gilvrcllin pathway. 
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The interfering compositions are selected from the group consisting of enzyme 
inhibitors including competitors; inhibitors and competitive or toxic analogues of 
substrates, transition state analogues, and products; antibodies to components of the 
pathways; toxin conjugated antibodies or components of the pathways; antisense 

5 molecules; and inhibitors of transit peptides in an enzyme. In particular, the interfering 
compositions include gabaculine, 3-NPA, SHAM, 8-OH-quinoline, NPMG. Interfering 
with the operation of the metabolic pathway is also accomplished by introducing a 
plurality of compositions to the pathway, wherein each of the compositions singly 
interferes with the operation of the metabolic pathway. In certain instances, the 

10 plurality of compositions inhibits the parasite to a degree greater than the sum of the 
compositions used singly, that is, exhibits a synergistic effect. Embodiments of a 
plurality of compositions include gabaculine and sulfadiazine; NPMG and sulfadiazine; 
SHAM and gabaculine; NPMG and pyrimethamine; NPMG and cycloguanil (which 
inhibits Apicomplexan DHFR [TS]), and other inhibitors and competitors of interrelated 

15 cascades of plant-like enzymes. Wherein the effect of inhibitors together is greater than 
the sum of the effects of each alone, the synergistic combination retards the selection of 
emergence of resistant organisms and is more effective than the individual components 
alone. 

In various embodiments, the interfering composition acts on a latent bradyzoite 
20 form of the parasite, or multiple infecting Apicomplexan parasites simultaneously, or on 
conjoint infections with other pathogenic microorganisms which also utilize the plant- 
like metabolic pathway. 
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A method of determining the effectiveness of a composition in reducing the 
deleterious effects ofan Apicomplexan in an animal, include: a), identifying a 
composition that inhibits growth or survival of an Apicomplexan parasite in vitro by 
interfering with a piant-like metabolic pathway and b) determining a concentration of 
5 the composition in an animal model that is non-toxic and effective in reducing the 
survival of the parasite in the animal host and/or the deleterious effects of the parasite 
in the animal. 

Developing a lead compound that inhibits an Apicomplexan parasite is 
accomplished by a) identifying a plant-like metabolic pathway in an Apicomplexan 

10 parasite and b) identifying a composition that interferes with the operation of the 
pathway as a lead compound. 

A composition which inhibits a specific life cycle stage of an Apicomplexan 
parasite by interfering with a plant-like metabolic pathway that utilizes a component 
encoded by a nuclear gene includes gabaculine; a composition including an enzyme in a 

15 metabolic pathway in an Apicomplexan parasite that is selectively operative in a life- 
cycle stage of the parasite includes the enzymes alternative oxidase, and UDP glucose 
starch glycosyl transferase. A composition comprising SHAM and S-OH-quinoline 
inhibits the alternative oxidase in the latent bradyzoite form of an Apicomplexan 
parasite. 

20 A method lo identify a plant-like gene encoding a component of a plant-like 

metabolic pathway in an Apicomplexan parasite is a) obtaining a strain of E. colt that is 
deficient for a component of the metabolic pathway, said deficiency causing the strain 
lo require supplemented media for grov.th, b) complementing the coli with a gene 
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or portion of the gene encoding a component of the metabolic pathway in the 
Apicomplexan parasite; and c) determining whether the complemented E. coli is able 
to grow in unsupplemented media, to identify the gene. 

Another method for identifying a plant-like gene product of a metabolic 
5 pathway in an Apicomplexan parasite is a) contacting the parasite with a gene probe; 
and b) determining whether the probe has complexed with the parasite from which the 
identity of the gene product is inferred. 

A method for identifying a plant-like gene product of a metabolic pathway in an 
Apicomplexan parasite also includes: a) cloning and sequencing the gene; and b) 
10 determining whether the gene is homologous to a plant gene which encodes a plant 
enzyme with the same function. 

A method for identifying a plant-like gene product in a metabolic pathway in an 
Apicomplexan parasite is a) contacting the parasite or its enzyme with a substrate for 
the plant-like enzyme; b) measuring enzyme activity; c) determining whether the 
1 5 enzyme is operative; and d) inhibiting activity of the enzyme in vitro with an inhibitor. 

Identifying a gene or gene product in an Apicomplexan parasite which 
possesses an organelle transit sequence which transports a protein, wherein the protein 
is not necessarily an enzyme in a metabolic pathway, but is identified because it has a 
characteristic organelle transit sequence is also within the scope of the invention. 
20 The invention also relates to a diagnostic reagent for identifying the presence of 

an Apicomplesan parasite in a subject, where the subject includes a domestic or 
livestock aninal or a human The reagent may include all or a portion of a component 
of the plant-Ike pathway, an antibody specific for an enzyme thai is a component of a 
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plant-like metabolic pathway in the parasite, or all or part of a nucleotide sequence thai 
hybridizes to a nucleic acid encoding a component of the pathway. A diagnostic assay 
that identifies the presence of an Apicomplexan parasite or specific life-cycle stage of 
the parasite may use the diagnostic reagents defined herein. 
5 A diagnostic reagent for identifying the presence of an Apicomplexan parasite, 

includes an antibody specific for an enzyme that is part of a plant-like metabolic 
pathway. 

A diagnostic assay for the presence of an Apicomplexan parasite in a biological 
sample includes: a) contacting the sample with an antibody selective for a product of a 

10 plant-like metabolic pathway that operates in an Apicomplexan parasite; and 

b) determining whether the antibody has complexed with the sample, from which the 
presence of the parasite is inferred. Alternatively, the assay is directed towards a 
nucleotide sequence. In both these cases, appropriate antibody or nucleotide 
sequences are selected to distinguish infections by different Apicomplexans. 

I f An aspect of the invention is a vaccine for protecting livestock animals, 

domestic animals or a human against infection or adverse consequences of infection by 
an Apicomplexan parasite. The vaccine may be produced for an Apicomplexan 
parasite in which a gene encoding a component of a plant-like metabolic pathway in 
the parasite is manipulated, for example, deleted or modified. When the gene is 

20 deleted or modified in the live vaccine, the component of the pathway may be replaced 
by the presence of the product of an enzymatic reaction in tissue culture medium. The 
vaccine strain can then be cultivated m vitro to make the vaccine. 
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A vaccine for protecting animals against infection by an Apicompicxan parasite 
is based on an Apicomplexan parasite in which the parasite or a. component of a 
metabolic pathway in the parasite is used. 

The vaccine may use a component of the pathway that is operative at a 
5 particular life stage of the parasite. A suitable component is the AroC gene from 
7". gondii or P. falciparum. 

A method of treatment for an infection in a subject by an Apicomplexan 
parasite includes the following steps: a) obtaining an inhibitor of a plant-like metabolic 
pathway, in an Apicomplexan parasite; and b) administering an effective amount of the 
10 inhibitor to the subject. 



DRTEF DESCRIPTIONS OF DRAWINGS 
FIG. I A-C illustrates the heme synthesis pathway and the effect of GSAT in 

T. gondii. 

15 FIG. I A diagrams the heme synthesis pathway. FIGS. IB and 1C show that 

uptake of trilled uracil by tachyzoites (RH strain) is inhibited by gabaculine, an 
inhibitor of GSA aminotransferase. P/S = pyrimethamine and sulfadiazine. Note that 
ALA synthase is also present in 7*. gondii and constitutes an alternative pathway for 
heme synthesis 

20 FIG. 2A-B shows unique lipid degradation in the glyoxylatc cycle in T. gondii. 

FIG. 2A is a schematic representation of the glyoxylatc cycle. FIG. Ill shows 
uptake of insisted uracil by tachyzoites (RH strain) is inhibited by 3-NPA (0 005 to 5 
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mg: G/ML). Note this inhibitor also effects succinate dehydrogenase, so its inhibitory 
effect does not unequivocally support presence of the glyoxyiate pathway. 

FIG. 3A is a schematic representation of a pathway which demonstrates 
alternative oxidase as an alternative pathway for generation of energy in Apicomplexan 
5 parasites. FIG. 3B shows that uptake of tritiated uracil by tachyzoites (RH strain) is 
inhibited by SHAM. 

FIG. 4A is a schematic representation of the pathway for conversion of 
shikimate to chorismate in T. gondii.. The inhibitor of EPSP synthase is NMPG. 
FIG. 4B shows uptake of tritiated uracil by tachyzoites (RH strain) is inhibited by 
10 NPMG. Toxicity of NPMG was assessed by its ability to prevent growth of human 
foreskin fibroblasts (HFF) after 4 days, as measured by tritiated thymidine uptake and 
microscopic evaluation. FIG. 4C shows product rescue ofNPMG's inhibitory effect 
on EPSP synthase by PABA. The effect of PABA on sulfadiazine is similar, but the 
effect on pyrimethamine, as predicted reduces the enzyme to the levels that were 
1 5 present when media alone was utilized, as measured by the uracil uptake. 

S = sulfadiazine 
PYR = pyrimethamine 
PABA = para amino benzoic acid. 
FIG. 4D shows functional and enzymatic evidence for the shikimate pathway in 7! 
20 gondii with inhibition of EPSP synthase enzyme activity by I mM glyosatc. Squares, 
without glyphosnie. Circles, with glyphosate FIG. 4E shows evidence for the 
shikimate pathway in l\ falciparum with functional evidence for the shikimate pathway 
in l\ fakifHtntni Glyphosate inhibition of/// vitro growth of asexual erythrocytic 
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forms and PABA and folate antagonism of growth inhibition. Effect of NPMG on C. 
parvwn was not abrogated by PABA. This suggests that either uptake of PAPA by 
C. parvum differs or effect of NPMG is on a different branch from the shikimate 
pathway in C. parvum. 

5 FIG. 5 is a schematic representation of interrelationships of metabolic pathways 

in Apicomplexan parasites. 

FIG. 6 shows inhibitory effects of NPMG, gabaculine, SHAM 8-OH-quinoline 
on Cryptosporidia, 3NPA also inhibited Cryptosporidia, 

FIG. 7 shows the effects of gabaculine (20 mM) on growth of 
10 tachyzoites/bradyzoites (R5) in human foreskin fibroplasts, over 8 days as determined 
by uracil uptake. Note increased uptake of uracil by the 8th day. 

FIG. 8 shows the effect of NPMG, pyrimethamine, and pyrimethamine plus 
NPMG on survival of mice following intraperitoneal infection with 500 tachyzoites of 
the RH strain of T. gondii. Dosage of NPMG was 200mg/kg/day and pyrimethamine 
15 was 12.5 mg/kg/day). 

FIG. 9 shows nucleotide and deduced amino acid sequences of T. gondii 
chorismate synthase cDNA. The asterisk indicates the stop codon. 

FIG. 10 shows results of CLUSTAL X alignments of the deduced amino acid 
sequences if the putative T, gondii, chorismate synthase with the corresponding 
20 sequences from Synechocystites, S. cerevisiae, S. lypocersicum, N. crassa and 

H. influenza. Dashes were introduced maximize alignment. Amino acids which are 
identical in all 6 organisms are underlined. The percent identity of the chorismate 
synthase from each organism with the T, gondii protein was calculated to be as follows 
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Synechocysus (51.4%). S. cerevisiac (49.6%). S. lycopersicum (47.2%). N. crasxa 
(45.0%) and H. influenza (44.5%). The large internal regions in the 7". gondii sequence 
which have no counterparts in the chorismate synthases of other organisms, were not 
included in this calculation. 
5 FIG. 1 1 shows the transit sequences of Zea mays and T. gondii chorismate 

synthases. The sequences of the transit peptide directing the transport of the wx+ 
protein into maize amyloplasts and chloroplasts and the portion of the T. gondii 
chorismate synthase sequence which is homologous are aligned. The amino acid 
sequence is given in one letter code. * indicates an identical amino acid in the Wx Zea 
10 mays and T. gondii sequences. • indicates homologous amino adds in the Wx Zea 
mays and T. gondii sequences. 

The transit sequence in the Wx Zea mays protein (UDP-glucose-starch-glycosyl 
transferase) begins at amino acid number I and ends at amino acid number 
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72. The portion (amino acids 359 to 430) of P. falciparum AroC which corresponds 
to the novel internal sequence of the T. gondii AroC which includes the amino acids 
homologous to the maize protein, is as follows: 

IPVENMSTKKESDLLYDDKGEOCNMSraSTlQ 

5 The T. gondii portion of the AroC (chorismate synthase) sequence which 

demonstrates 30% homology begins at amino acid number 330 and ends at amino 
acid number 374. The first (single) arrow indicates the processing site of Zeamays 
UDP glucose Gylcosyl transferase transit peptide and the second (double) arrow 
indicates the location at which the mature protein begins. 

10 FIG. 12 shows P. falciparum, chorismate synthase cDNA and deduced amino 

acid sequences. 

FIG. 13 shows a genomic sequence of T. gondii chorismate synthase. 
FIG. 14 shows (A) a T. gondii cDNA chorismate synthase DNA construct 
which is useful to produce antibody or a vaccine; (B) a Western blot (arrows mark 

15 chorismate synthase). 

FIG. IS shows green fluorescent (gfp) protein expression in a stably 
transfected tachyzoite; this tachyzoite has a reporter construct, a chorismate synthase- 
gfp; gfp is cytoplasmic (grey) and a defined structure in the area of the plastid is the 
white dot; the nucleus is the larger red area; gfp is in the cytoplasm. 

20 FIG. 16 shows life cycle stage associated expression and localization of 

chorismate synthase in T. gondii. 

(A) Tachyzoites: (1)15 days - - Double stained with tachyzoite surface 
antigen 1 (SAG1) (perimeter raised, top and bottom left) and DNA stain (DAPI) 
(bottom right) and chorismate synthase (top right, white); (2) Double stained with 

25 dense granule protein 4 (granular stain, top left), chorismate synthase (white); p30, 
lower right panel, (perimeter raised) rhoptry probe (raised grey, rhop); (3) Double 
stained chorismate synthase-punctate white, SAG1 (P30, perimeter raised). (Note 
discrete punctate white area of chorismate synthase staining in perinuclear area, the 
customary subcellular location of the plastid). 

30 (B) Bradyzoites: (1) Abbreviations are the same as in A; Note diffuse 

granular appearing cytoplasmic staining of bradyzoite chorismate synthase (top 
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right); (2) Immunoperoxidase stain with antibody to recombinant chorismate synthase 
shows diffuse cytoplasmic darker staining. 

(C) Microgametes (Mi), Macrogametes (Ma); Note darker 
immunoperoxidase staining of these forms but not schizonts (s) in cat intestine. 
5 (D) Chorismate synthase mRNA production in tachyzoiies and with 

bradyzoites; Note SAG1 message for a tachyzoite protein, BAG 1-5 message for a 
bradyzoite protein and constitutively expressed mRNA for tubulin. 

FIG. 17 shows: (a) schematic illustration of glyoxylate cycle, (b) inhibitors of 
isocitrate lyase (ICL), (c) T. gondii isocitrate lyase enzyme activity, (d) inhibition of 
10 ICL enzyme activity by 3NPA, and (e) inhibition of tachyzoites in tissue culture. 
FIG. 18 shows a T. gondii isocitrate lyase (ICL) cDNA sequence. 
FIG. 19 shows a T. gondii isocitrate lyase (ICL) amino acid sequence. 
FIG. 20 shows (a) T. gondii isocitrate lyase (ICL) binding pocket and active 
site inside box, and (b) comparison with the published sequence of yeast isocitrate 
15 lyase with mutated lysine (K) which inactivated the enzyme (arrows). 

FIG. 21 shows a T. gondii isocitrate lyase genomic DNA sequence (ICL). 
~ FIG. 22 shows T. gondii isocItrateTyase in bradyzoites; Note brown areas in 
immunoperoxidase stain preparation. 

FIG. 23 shows isocitrate lyase (a) in a western blot of tachyzoites (b) during 
20 stage conversion, and (c) mRNA during stage conversion. (Abbreviations are the 
same as in FIG. 16A and D legends). 

FIG. 24 shows enzymatic, genetic, functional activity of Apicomplexan 
parasites and its inhibition and show T. gondii acetyl coA carboxylase is inhibited by ■ 
fop herbicides: 

25 (A) Acetyl coA carboxylase enzyme activity is inhibited by -fop 

herbicides; 

(B) T. gondii growth in tissue culture inhibited by compounds that inhibit 
acetyl coA carboxylases; 

(Note the inhibitor activity is parallel to that in FIG. 24A. Clodinafop is a lead 
30 compound. T. gondii uptake of 3H uracil is inhibited by fop herbicides.) 

(C) Effect of clodinafop on T. gondii with 4 days in culture then removal 
of the herbicide for 2 days. Note plaques (A) and (C) higher view of 
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replicating parasites in these plaque controls and complete eradication of 
parasites in clodinafop (10(M) treated cultures; 

Related sequences of Apicomplexan acetyl coA carboxylases; sequences 
of acetyl coA carboxylase biotin carboxylase domains from 
5 apicomplexan parasites are as in Genbank Accession Numbers AF 

157612-16. Also, a domain swap yeast with the T. gondii active site and 
recombinant enzymes made from a fragment of the T. gondii gene are 
amenable to high throughput screens; 

Phylogeny of biotin carboxylase domains of apicomplexan accases; 
] o Structures of herbicides that inhibit acetyl coA carboxylases. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
5 This invention uses components of plant-like interrelated metabolic pathways 

that are essential for growth or survival of Apicomplexan parasites. The pathways are 
generally not operative in animals and do not include psbA or PPi phosphofructokinase 
and are not encoded in the plastid. Components include enzymes, products, targeting, 
peptides, nucleotide sequences encoding the enzymes or peptides, and promoters, as 

10 targets for specific inhibitors. Use of these pathways provide a rational and novel 
framework to discover, characterize and develop medicines, diagnostic reagents and 
vaccines for Apicomplexan parasites. 

Medicines, diagnostic reagents and vaccines are based upon interrelated plant- 
like enzyme cascades involved in the synthesis or metabolism or catabolism of 

15 Apicomplexan nucleic acids, amino acids, proteins, carbohydrates or lipids, energy 
transfer and unique plant-like properties of these enzymes which are shared with, and 
provide a basis for, discovery of other parasite proteins which have unique organelle 
targeting signals or unique promoter regions of the genes which encode the proteins. 
Synergistic combinations of inhibitors of the enzymes or proteins or nucleic acids 

20 which encode them arc particularly useful in medicines. 

To select pathways for use in the invention: 

a) plant textbooks and the published literature arc reviewed lor properties 
characteristic nf plants, but generally not animals, databases such as Genbank or the 
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Apicomplexan ESTs arc reviewed to identify homologous Apicomplexan and plant-like 
genes; and 

b) Western, northern and southern analyses, PCR, and ELISAs are used to 
recognize, or are based upon, for example, plant proteins and genes, to determine 

5 whether components of the pathways are present in Apicomplexans; 

c) cloning, isolation and sequencing of genes and creation of gene 
constructs are used to identify Apicomplexan plant-like genes and their functions; 

d) assays of enzyme activity are used to determined the operation of plant- 
like systems: 

10 e) functions of parasite enzymes or part of a parasite enzyme are 

demonstrated by complementation of a yeast or bacteria deficient in the enzyme, or 
product rescue, or other methods to demonstrate enzyme activity; 

0 activity of compounds, (i.e., inhibitors) known to abrogate effect of the 
plant-like enzyme, protein, or nucleic acid which encodes them in vino and in vivo, 
I 5 are tested singly or in a plurality, for ability to abrogate the enzyme activity and against 
Apicomplexan parasites alone or together, and in conjoint Apicomplexan, bacterial and 
fungal infections. 

The general compositions of this invention are: 
A. Inhibitory compounds based on: 
20 a) targeting proteins by 

ii) substrate competition and transition slate analogues 
tii) product competition 
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(iii) alteration of active site directly or by modification of secondary 
structure or otherwise altering function of lite active site 

(iv) interfering with protein function with antibody 

(v) targeting an organelle or protein within an organelle using a toxic 
5 compound linked to a targeting sequence. 

b) targeting nucleic acids encoding proteins (antisense, ribozymes) 

c) targeting a component of the protein or nucleic acid (as above) 

B. Diagnostic reagents (genes, proteins, antibodies) in ELISAs, western blots, 
DNA, RNA assays 

10 C. Vaccines (live knockout, live mutated, components - genes, proteins, 

peptides, parts of genes constructs, etc.) 

Specific examples of components of plant-like Apicomplexan pathways are in 
Table 1 . Compounds known to inhibit these enzymes or properties in Apicomplexans 
and/or other microorganisms are listed in Table I, as are novel ways to target them in 

15 Apicomplexans. 
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Tabic ! A. Apicomplcxan plant-like metabolic pathways, components and inhibitors 



Function 




Enzyme or property 


Known inhibitors of 


Basis for novel 




name 




enzymes or property 


inhibitor 


HEME SYNTHESIS 


HemL 


glutamate-l -semialdehyde 


3-amino- 2. 3-drhydro benzoic 


S.AS.R 






aminotransferase (GSAT) 


acid (Gabacufine); 4-amino- 








5-hexynoic acid; 4-amino-5- 










fluoropentanoic acid; 4- 










amifM* ( t«h^iMlflic acid (t 










acciyienit v>r\o/Aj, A*giiiiinr 




















glycine j, £'antuK/-*+- 










metnoxy-trans- J-Dinanoic , 










4-amirio-5-fluoropentanoic 










acid 






GHX 


glutamyURNA synthase 








Hem A 


glutamyi-tRNA reductase 






TP 










PATHWAY 










C h or ts m 3 1 e 


AroA 


3 -enol pyruvylsh ikima t e 


N -(phosphonomethyt) 


S.AS.R 


synthesis 




phosphate synthase (3- 


grycine (glyphosphate). 






phosphoshikirnate-1 


suifosate, EPSP synthase 








carboxyvtnyttransferase) 


inhibitors 4 and 5. 










hydroxymaonate inhibitors 










of EPSP synthase" 






AroB 


dehydroquinate synthase (5- 


* 








dehydroquinate dyhdrotase) 








AroC 


chorismate synthase 5- 










enoJpyruvytshikimate 3* 










phosphate phospholyase) 








AroC-ts 


AroC transit sequence 








AroO 


dehydroquinate dehydratase 








AroE 


shikimate dehydrogenase 








AroF 


3-deoxy-d-arabino- 










heptuJosonate 7 phosphate 










synthase 








AroC 


chorismate mutase (7-phospho- 










2-dehydro-3-deo<y-arab»no- 










heptutate aldolase) 








AroH 


3-deoiry -d -ara bino -hepiutosani e 










7 phosphate synthase 








Arot 


shikimate 3* 










phcsphoiransf erase (sf.>«nu!e 










kinavj) 
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Function 


Gene 


Enzyme or property 


Knov/n inhibitors of 


Basis for novel 




name 




enzymes or property 


inhibitor 


Ubfqinone synthesis 


UbiA 


4-hydroxytoenzoale 




S.AS.R 






octaprenytiransferase 








UbiB 


3-o)rtaprenyt-4-hydroxybert2oate 










carboxytyase 








UbiC 


chonsmale synthase 






Tyrosine synthesis 


TyrA 


prephenate dehydrogenase 




S.AS.R 




TyrB 


aromatic acid aminotransferase 










(aromatic transaminase) 








TyrC 


cyciohexadienyl dehydrogenase 






Tryptophan 


TrpA 


tryptophan synthase alpha sub 




S.AS.R 


synthesis 




unit 








TrpB 


tryptophan synthase beta sub 










unit 








I rpo 


indofe-3-gfycerol phosphate 










synthase (anthrantlateisome- 










rase) (indolegtycerol phosphate 










synthase) 








TrpD 


anthrantlate 










phosphonbosyttra nsf era se 








TrpB 


anthranitate synthase 
component 1 








TrpP 


phosphoribosyt anthranitale 










isomerase 








TrpG 


anthrantlate synthase 
component II 






Phenylalanine 


PheA 


Prephenate dehydratase 




S.AS.R 


Synthesis 




(phenol 2-mono-oxygenase), 










chorismate mutase 








PheB 


Catechol 1 ,2-deoxygenase 










(phenol hydroxylase) 








PheC 


Cyclohexad«en>1 dehydrataseU 






Folate Synthesis 


pabA 


4<amino>4-deoxy chorismate 




S.AS.R 






synthase H. amidotrans/erase 








pabB 


4-amino-4-deo/y chorismate 










synthase 1. binding component 






! 


pabC 


a.amino-4-deo^y chonsmale 










lyase 
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Function 


Gene 
name 


Enzyme or property 


Known inhibitors of 
enzymes or property 


Basis for novel 
inhibitor 


Menaquinone. 

enterobactin 

synthesis 


Enta 

Entb 
Entc 


Isochorismate synihase 

2.3 dihydro 2,3 dihydfom/ 
ben2oate dehydrogenase 

2.3 dihydro 2.3 dihydroxy 
benzoale synthetase 




S.AS.R 








ORGANELLE 
TRANSIT 


AmC-ts 


Transport into plastid. organeDe 
targeting 




S.AS.R 




ALTERNATIVE 
RESPIRATION 


AOX 


Alternative oxidase 


8-hydroxyqumotine. 
3-hydroxyquinone, 
saBcythydroxamic acid, 
monoclone , 
benzhydroaxamic acid. 
m-Chlorohydroxamic acid, 
propytganale. disuifuram. 
and others 


S.AS.R.0 


GLYOXYLATE 
CYCLE 


MS 
ICL 


Matate synthase 
Isocitrate lyase 




S.AS.R 


3NPA. itaconic acid. 3 nitro 
propanol 



Key : S. mc defied substrate competitor. AS, antisense; R. ribozyme; Directed at active site. D; None 
known. 

*EPSP synthase inhibitor 4 refers to 3-(phosphonooxy)-4-hydroxy-5-(N-(phosphonornethyl-2- 
5 oxoethyl)aminc-t-cyclohexene-1-carboxylic acid (3a. 4a, 5fJ). compound with diethyl ethanamide 
EPSP synthase inhibitor 5 refers to shortened R phosphonate. 

•*A new. aromatic analogue of the EPSP synthase enzyme reaction intermediate 1 has been 
identified, which contains a 3- hydroxymalonate moiety in place of the usual 3-phosphate group. This 
simplified inhibitor was readily prepared in five steps from ethyl 3.4-dihydroxybenzoate. The resulting 

1 0 tetrahedral intermediate mimic is an effective, competitive inhibitor versus S3P with an apparent K(i) of 
0.57 0.06 muM. This result demonstrates that 3- hydroxymalonates exhibit potencies comparable 
to aromatic inhibitors containing the previously identified 3-matonate ether replacements and can thus 
function as suitable 3-phosphate mimics in this system. These new compounds provide another 
example in which a simple benzene ring can be used effectively in place of the more complex 

I 5 shikimate ring in the design of EPSP synthase inhibitors. Furthermore, the greater potency of the 
tetraheral intermediate mimic versus the glycols derivative and the 5- deoxy analog, again confirms 
the requirement for multiple anionic charges a: :ne dihydroxybenzoate 5-posttion in order to attain 
effective inhibition of this enzyme. 

The following were identified: inhibition of Toxoplasma gondii ( Tg), Plasmodium falciparum {Pf). and 
20 Cryptosporidium carvum [Co) EPSP synthase by N-phosphonomethylglycine (NPMG); Tg and Pf 

chohsmate synthase {AroC) cDNA and deduced ax.mo acid sequences: a novel sequence in the Tg 
chorismale synthase gene (.4roC-/s) a portion of *hich is homologous with the plastid transit sequence 
of Zea mays (sw.ee: corn) The chonsmate syr.tr.ase [AroC) also has z corresponding novel and 
unique internal region Cp. Eimeno oovrs (Eb) csncnic ONA which hybridizes with Tg AroC 
2: (chorismale synthase) Inhicmon of Tom vitro ty«N?MG abrogated by para-aminobenzoate (PA6A) 
Inhibition of Pfin wtro by MPMG abrogated by PAS A and folate Inhibition of Tg EPSP synthase 
activity by NFMG in vitro Synergism ol NPMG r..<h pyrimethamine, with sulfadiazine and with SHAM 
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for Tg in vitro', Synergy of NPMG with pyrimethamine against Tg in vivo; SHAM and 8-hydroxyquinoline 
inhibited Tg. Pt. Cp in vitro: reactivity of Tg protein of -66Kd with 5 antibodies (monoclonal and 
polyclonal to VooOoo My and T. brucet alternative oxidases) and reduction to monomer similar to 
VooDoo &y and T. brucet alternative oxidases on a reducing gel; identification of Tg cONA and 
5 genomic ONA PCR products using primers based on conserved sequences in other alternative 

oxidases which are probed and sequenced: Tg, Pf. Cp inhibited by high concentrations of gabaculine. 
Reactivity of Tg protein of -40Kd with 3 antibodies to GSAT (polyclonal a soybean, barley and 
synechococcus GSATs and not preimmune sera). Reactivity of Cp protein of -40Kd with a barley 
GSAT. Inhibition of Tg. Pt. Cp in vitro by 3NPA; Reactivity of Tg protein with polyclonal antibodies to 
1 0 cotton malate synthase and cotton isocitrate lyase but not preimmune sera. In screening Tg cDNA 
library a GSAT antibody reactive clones are identified and are sequenced. Tg chorismate synthase 
and dehydroquinase enzymatic activities are demonstrated. 
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Tablc IB. Components of Plant-Like Metabolic Pathways and Inhibitors 



Function 



BRANCHED- 
CHA1N AMINO 
ACID 

SYNTHESIS 
(VALINE. 
LEUCINE. 
ISOLEUCINE) 



Gene 
name 



ahas 



Enzyme or 
property 



acetyhydroxy 
acid synthase 



Kar 



Keto-acid 
reducto 
isomerase 
sopropylmala;e 
dehydrogenase 



Known inhibitors of enzyme or 
property 



ImidazoMnones imazquin=2-{4,5 

dihydro-4-methyl-4-( 1- 

methytethyl)-5-oxo-1 H-imidazol- 

2-yl]-3-qutnolinecarboxylic acid; 

imazethapyr^2-(4,5-dihydro-4- 

methyl-4^1-methylethyl)-5-oxo- 

1 H-imidazol-2-yl]-3- 

pyridinecarboxylic acid; 

imazapyr=()-2-{4,5-dihydro^J- 
methyM-( 1 -methy!ethyl)-5-oxo- 

1H-imidazol-2-yl]-3- 
pyridinecarboxyfic add, 
Sulfonylureas chlorimuron=2- 
[([[(4-chloro-6-methoxy«2- 
pyrimtdinyt)amino]carbonyl]amino 
jsulfonyljbenzotc acid; 
chlorsu!furon=2-chloro-N-{[(4- 
methoxy-6-methyl- 1 , 3.5-triazin-2- 
yl) amtnojcarbonyl] benzene 
sulfonamide; 

nicosulfurn=2-{[(((4,6-dimethoxy- 
2-pyrimidinyl) amino] carbonyl] 
amino]sulfony[]-N,N-dimethyl-3- 
pyridinecarboxamide; 
primisulfuron=2-{[([(4,6- 
bis(difluoromethoxy)-2- 
pyrimidinyl) amino] carbonyl] 
amino]sulfonyl]benzoic acid; 
thifensulfuron=3-[[[[(4-methoxy-6- 
methyM,3.5-triazin-2-yl) amino] 

carbonyljamino] sulfonyl|-2- 

thiophene-carboxylic acid; 

tribenuron =2-[[[[(4-methoxy-6- 

methyl-1.3.5-triazin-2- 

yl)methylamino]carbonyl]amino]s 

ulfonyl]benzoic acid; 

sulfometuron=2-{[[[(4.6-dimethyt- 

2-pyrimidinyl) amino] carbonyl] 

amino]sulfonyi]benzoic acid; 

metsulfuron=2-(n((4-methoxy-6- 

methyl- 1.3, 5-triazin-2- 

yl)amino)carbonyl]amino]sulfonyl] 

benzoic acid. 

halosulfuron=, 

Sulfonanilidcs flumetsulam=N- 
(2,6-difluorophenyl)-5- 
methyl(1,2.4]triazolo(1.5. 
a ]pynmidine-2-sulfonamide 
HOE 704 



0-oisoSuterv! cxalhydro emate 



Basis for 
novel inh ibitor 
S.AS.R 
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Function 


Gene 
name 


En2yme or 
property 


Known inhibitors of enzyme or 
property 


Basis (or 
novel inhibitor 




SYNTHESIS OF 
ADDITIONAL 
'ESSENTIAL' 
AMINO ACIDS 
(e.g. histidine. 
methionine, 
lysine, threonine) 
Histidine 
synthesis 

methionine 
synthesis 
lysine synthesis 
Threonine 
synthesis 


gpd + 

ms* 

Is* 
ts + 


glycerol 

phosphate 

dehydratase 

methionine 

synthesis* 

lysine synthesis* 

threonine 

synthesis* 


phosphon c acid derivatives of 
1,2,4 triazole 

inhibitors of lysine synthesis* 


S.A.R.D 


GLUTAMINE 
GLUT AM ATE 
SYNTHESIS 


gs + 
gts+ 


glutamine 
synthase, 

glutamate 
synthetase* 


glufosinate=2-amino-4- hydroxy 
methyl phosphinyt, butaonic acid 


S ( AS.R,0 


LIPID 

SYNTHESIS 


acc* 


acetyt co A 
carboxylase 


Arloxyphenoxypro-pionates 

fenoxaprop=<)-2-{4-{(6-chloro-2- 

benzoxazolyl)oxyj 

phenoxy)propanoic acid; 

nuazifop-P=(R)-2-[4-{f5- 

(trifluoromethyl)-2- 

pyridinyljoxy]phenoxy]propanoic 

acid; 

quizalofop=()-2-{4-{(6-chloro-2- 
quinoxalinyl)oxy|phenoxy| 
propanoic acid, 
Cycloh^xanediones : 
clethodim=(E,EM)-2-{Hl(3- 
chtoro-2-propenyl)oxy]imino] 
propyl)-5-{2-(ethytthio)propyl]«3- 
hydroxy-2-cyclchexen-1 -one; 
sethoxydim=2-[ l-(elhoxyimtno) 
butyl)-5-(2-<ethylthio)propyl]3- 
hydroxy-2-cyclohexen- 1 -one 


S.AS.R.D 






ps 
oas 

las 

ticas 

! 


palmitic synthase 
oleic acid 
synthase 
linoleic acid 
synthase 
linoleneic acid 
synthase 
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Function 


Gene 


Enzyme or 


Known inhibitors of enzyme or 


Basis for 




name 


property 


property 


novel inhibitor 


c TARCH 


IV X 


UDP glucose 




S.AS.R 


o r/v / nco'j 


ciss. 


starch glucosyi 








sss 


transferase fa 






























synthases 








be, 


Q or branching 










cii£.yii it; 








Igc, 










$Det. 










a in 
u, in 








AUXIN 




Auxin analogue 


Phenoxyaliphatic acid 


O.Ao.K 


GROWTH 




(2,4-u— (*,**-oicnioropnenoxyj 




REGULATORS 






acetic acid; 










^, ^-u d — « , *t -a icn i or o pn en o xy j 










Duianoic acta. 










Mvrr-, 










m m— \ ** -cn ioro-z- 










methytphenoxy) acetic acid; 










2,4-Ur-) 










Benzoic acids 










dicamba r 3,6-dich!oro-2- 










methoxybenzoic acid, 










Picotinic acids [Pyridines] 










picloram— 4-arnino-3,5,6-trichloro- 










2-pyridinecarboxylic acid; 










clopyralid = 3,6-dichloro-2- 










nvrirfinpcarboyvfic acid' 










triclopyr = [{3,5,6-trichloro-2- 










nvridinvhoxvlacetic acid* 

U f 1 lull 1 F 1 1 v A f luvG Ovw, 










riuroxypry r -[(4-amina-3, 5- 










dichloro-6-fluoro-2-pyridinyl) 










oxyjacetic acid; 








indoleacetic acid 










synthase 






GIBBERELUN 


coaps 


copalylpyrophos 


Phosphon D. 


S.AS.R 


SYNTHESIS 




phate synthase 


Amo-1618 






ks 


kaurene 


Cycocel 








synthase 








kox 


kaurene oxidase 


Phosphon D, 






kaox 


kaurene acid 


Ancymidol. Paclobutrazol 








oxidase 








gss 


giberellic acid 










synthase 







Key S. modified substrate competitor; AS. antisense; R. ribozyme; O. direct inhibitor, alteration of 
target. These are suitable because they are unique to Apicomplexans. Unique to Apicomplexans 
means that either they do not exist in animals (e.g.. acetohydroxyacid synthase, linoleic acid synthase. 



starch-amylose cr amylopectm synthase. Q or branching enzyme. UDP glucose, starch glycosyl 
transferase or have unique antigenic or biochemical properties distinct from those of animals (e.g. 
acetylco A carbcrylase) 

"Also presen; m animals 

♦Other enzymes w these pathways unique to Acicomplexans 

♦ Enr/mcs involved in the synthesis of these essential amino acids include the following: 
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Lysine: homocitrate synthase, homocitrate dehydrase {Euglena. fungi): aspartokinase, aspartate 
semialdehyde dehydrogenase, dihydropicolinate synthase, dihydropicolinate reductase, & piperideine 
- 2, 6 - dicarboxylate transferase. N - succinyl - c-keto- a aminopimelate transaminase. N - succinyl - 
L. L. a - c-diaminopimelate desuccinylase, L. L a - c diaminopimetate epimerase. meso-a c 
5 diaminopimelate decarboxylase. 

Inhibitors of lysine synthesis include: «-2-4-Amino-4-carboxy butyl azridine-2-carboxytic acid(3) 
(aziridino-diamtnopimelate (DAP). aziDAP); N-Hydroxy.OAP4; N-amino DAPS; 4 methyelene DAP 6, 
3.4 didehydro DAP; 4 methylene DAP 4. 

Methionine; L-homoserine acyltransf erase, o-succinyihomoserine sulfhydrolase. L-homocysteine 
1 0 transferase, (to activate methionine - but not exclusively in plants: S-adenosylmethonine (SAM) 
synthase, SAM -methyltransf erase, SAM decarboxylase. S-adenosythomocysteine hydrolase) 
Threonine: L homoserine kinase, O-phospho-L-homoserine (threonine) synthase 
Isoleucine, valine: l-threonine deaminase, acetohydroxy acid synthase, acetohydroxy acid 
isomeroreductase, dihydroxy acid dehydrase, branched-chain amino acid glutamate transaminase. 
1 5 Leucine: isopropylmalate synthase, a-isopropylmalate isomerase, $-isopropylmalate dehydrogenase, 
a ketotsocaproate transaminase. 

Histidine: phosphoribulosyl formimino-5-aminolmida2oM-carboxamide ribotide amidocyclase, 
imidazol glycerol phosphate dehydrase. imidazole acetol phosphate transaminase, histidino) 
phosphate phosphatase, L-histidinol dehydrogenase. 

20 

Additional herbicides which disrupt celt membranes include Diphenyl ethers (nitro phenyl 
elhers=J(acinuorfen=5-(2-chloro-4-(trifluoromethyf)phenoxy]-2-nitrobenzoicacid;. fomeasafen=5-[2- 
chloro-4-(trinuoromethyl)phenoxy)-N-(methylsulfonyl)-2-nitrobenzamide; lactofen=()-2-ethoxy-1- 
methyl-2-oxoethyl 5-[2-chloro-4-<trinuoromethyl)phenoxy)-2-nitrobenzoate; oxyflurfen=2-chloro-1-{3- 
25 ethoxy-4-nitrophenoxy)-4-(trinuoromethy1)benzene). Other bentazon=3-(1-methylethyl)-(1H)-2,1.3- 

benzothiadiazin-4(3H)-one 2,2-dioxide above. Additional herbicides which disrupt pigment production 
include clomazone=2^2-chlorophenyi)methylH. 4 -^rnethyl-3-isoxazondinone; amitrole=1H-1.2,4- 
triazol-3-amine: norflurazon=4-chloro-5-{ methyl amino)-2-{3-<trifluoromethyl) phenyl )-3(2H)- 
pyridazinone; nuridone=1-methyl-3-phenyl-S^3-(trinuoromeUiyt)phenylH(1H)-pyridinone. 

30 

Enzymes in the heme synthesis (with a default ALA synthase pathway]. 



shikimate pathway, alternative generation of energy and glyoxylate cycle are 
exemplified (Table l A) and the others (Table I B) are suitable for the practice of the 
invention. 

35 As outlined succinctly above, the present invention includes new methods and 

compositions to treat, diagnose and prevent human and veterinary disease due to 
Apicomplcxan parasites. Apicomplexan infections include those due to Toxoplasma 
gondii (toxoplasmosis), Plasmodia (malaria), Cryptosporidia (cryptosporidiosis). 
Kimcria (eimeriosis). Babesia (babesiosis), 'flwileria (theilcriosis), Ncospora caw/mm. 

4** and others An Apicomplcxan parasite. Toxoplasma gondii , is a representative of other 
Apicomplcxan parasites because Apicomplcxan parasites appear to be phylogenetically 
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related and have organelles and enzymes which arc critical for their growth and 
surv ival. The presence of plant-like pathways/enzymes is confirmed in Apicomplexans 
by a) the effect of known inhibitors of the pathways in plants using /// vitro and /// vivo 
assays; b) Western, Northern and Southern hybridization analyses; c) isolation and 
5 comparison of relevant genes; d) demonstration of enzymatic activity; e) demonstration 
of immunologically reactive proteins which cross-react with proteins in plants; 
f) complementation of organisms which lack a gene or part of the gene encoding an 
enzyme with a parasite gene which encodes the enzyme; and/or g) recognition of plant- 
like transit sequences.. /// vitro assays include product rescue (i.e., complete or partial . 

10 abrogation of the effect of an inhibitor by providing the product of the reaction and thus 
bypassing the need for the enzyme which catalyzes the reaction. The assays are based 
on inhibition of the parasite i.e. restriction of growth, multiplication or survival of the 
parasite. Another measure of infection is "parasite burden" which refers to the amount 
(number) of parasites present as measured in vivo in tissues of an infected host. 

15 Another measure of infection is destruction of host tissues by the parasites. Inhibitors 
reduce parasite burden and destruction of host tissues caused by the parasites. 
Preferably the inhibitors must not be toxic or carcinogenic to the parasites' host and for 
/// vitro assays not be toxic to cells in culture. 

Enzymes of the newly detected plant -like pathways provide novel, unique and 

20 useful targets for antimicrobial therapy. These unique pathways and enzymes arc 

within the plastid. clyoxosomcs, cytoplasm or mitochondria. In addition, not suugestec 
before for these parasites, some enzymes used in these pathways arc encoded by uencs 
within the nucleus 
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Plant-like pathways detected in Apicomplcxan parasites include a) the 5-carbon 
heme biosynthesis pathway that utilizes glutamate as a carbon skeleton for synthesis 
and requires the unique enzyme giutamate-l-semialdehyde aminotransferase; b) the 
mobilization of lipids in the glyoxylate cycle which is a unique pathway that includes the 
5 enzymes isocitrate lyase and malate synthase; c) the generation of energy by an 

alternative pathway which includes a unique alternative oxidase and/or other unique 
pathways and enzymes for generating energy in the mitochondria or plastid; and, d) the 
conversion of shikimate to chorismate utilized in the synthesis of ubiquinone,.aromatic 
amino acids and folate by plants, but not humans. The shikimate pathway includes the 
10 enzyme 3-phospho-5-enolpyruvylshikimate (EPSP) synthase, chorismate synthase, and 
chorismate lyase, as well as a number of enzymes unique to plants, fungi, bacteria, and 
mycobacteria, but not to animals. Inhibitors of some of these enzymes also provide 
information about the functioning and targeting of the enzymes. 

The heme synthesis pathway involves enzymes encoded in the nucleus and 
1 5 imported to the plastid. This pathway is present in Apicompiexans including T. gondii, 
P. falciparum, and Cryptosporidia parvum. Inhibitors of the enzyme GSAT in the 
pathway include gabaculine (3-amino-2,3-dihydro benzoic acid), 4-amino-5-hexanoic 
acid, and 4-aminoo-fluropcntanoic acid. 

The glyoxylate cycle, reported to be present in plains, fungi, and algae, is also 
present in T. »»mdu. The cycle uses lipids and converts them to C4 acids through a 
scries of biochemical reactions. One of the last steps in this series of reactions is 
dependent on the isocitrate lyase enzyme and another on the malate synthase enzymes 
Inhibitors of these enzymes include 3-nitropropionie acid and itaconic acid 
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The alternative respiratory pathway, present in a range of organisms including 
some bacteria, plants, algae and certain protozoans (trypanosomes), is present in 
7! gondii, Cryptosporidia pervitin, and Plasmodium falciparum (in the latter parasite, 
two clones designated W2 and D6 were inhibited). The pathway is inhibited by a ranee 
5 of compounds including salicylhydroxamic acid, 8-hydroxyquinoIine, Benzyhydroxamic 
acid (BHAM), m-Chlorohydroxamic acid (m-CLAM), Propylgallate, Disulfiiram and 
others. 

Enzymes involved in the synthesis of chorismate, including those which convert 
shikimate to chorismate, and enzymes which generate folate, aromatic amino acids and 

10 ubiquinone from chorismate in plants, are present in T. gondii, Plasmodium falciparum. 
Oyptosporidium pan'um, and Eimeria. Inhibitors include N-(phosphonomethyl) 
glycine (glyphosatc, sulfosate and others). A full-length T. gondii cDNA sequence 
encoding a chorismate synthase from this pathway and the deduced amino acid 
sequence provide information useful in developing novel antimicrobial agents. The 

1 5 7'. gondii chorismate synthase has features in common with other chorismate synthases 
and entirely unique features as well. The unique features are novel sequences not 
shared with chorismate synthases from other organisms but with homology to an 
amyloplast/chloroplast transit sequence of Zea mays (sweet corn). A P. falciparum 
cDNA sequence encoding chorismate synthase and its deduced amino acid sequence 

20 also provide information useful for developing novs! antimicrobial agents. 

The genomic sequences provide information about regulation of the gene (e g . 
unique promoter regions) ;md such unique regions enable targeting their regulatory 
elements with antisense. 



BNSDOCIC* <WO 00681 54A2J_> 




PCT/US00/1I478 



A pan of the novel internal sequence (i.e., scsfses.^astikherdgsaatlsre 
ras dgrtts rhe£ ev£?.c) in the T. gondii AroC (chorismatc synthase) gene has homology 
with the chloroplast/amyloplast targeting sequence of Zca mays (sweet com) wx (LTDP. 
glucose-starch-glycosyl transferase) protein (i.e., maalatsqlvatraglgvpdastfrrg 
5 aaqglrgarasxwdtlsmrtsaraaprhqqqarrggrfpslwc). This transit sequence provides a 
novel way to target T. gondii enzymes that move from the cytoplasm into the plastid 
and is generally applicable to targeting any subcellular organelle. The P. falciparum 
AroC (chorismate synthase) has a corresponding novel internal sequence: 

Additional pathways found in Apicomplexan parasites include the synthesis of 
10 branched chain amino acids (valine, leucine and isoleucine) and acetohydroxy acid 
synthase is the first enzyme in the branched chain amino acid synthesis pathway, 
inhibited by sulfonylureas and imidazolines, as well as the synthesis of other 
"essential" amino acids, such as histidine, methionine, lysine and threonine. Starch 
synthesis, including starch synthases, the UDP-glucose-starch glycosyl transferase, and 
- 1 5 debranching enzymes and enzymes of lipid, terpene, giberellin and auxin synthesis, are 
part of other pathways in Apicomplexan parasites. Down modulation of the UDP- 
glucose starch glycosyl transferase pathway leads to a switch from amylose to 
amylopcctin synthesis and thus the bradyzoite phenotype. 

Demonstration of presence of one enzyme or the gene that encodes it in a 
20 known pathway implies presence of the full pathway. Thus, enzymes in parasite 

metabolic pathways that can be inhibited include: glutamyl-tRXA synthetase, ulutamyl- 
IRNA reductase: propionate dehydrogenase: aromatic acid aminotransferase (aromatic 
transaminase), cyclohcxadicnyl dehydrogenase, tryptophan synthase alpha subunit; 
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tryptophan synthase beta subunit; indole-3-glyccrol phosphate synthase (anthraniiaie 
isomerase), (indoleglycerol phosphate synthase); anthranilate . 
phosphoribosyltransferase; anthranilate synthase component I; phosphoribosyl 
anthranilate isomerase; anthranilate synthase component II; prephenate dehydratase 
5 (phenol 2-monooxygenase); catechol 1 f 2-deoxygenase (phenol hydroxylase); 

cyclohexadienyl dehydratase; 4-hydroxybenzoate octaprenyltransferase; 3-oxtaprenyl-4- 
hydroxybenzoate carboxylyase; dehydroqutnate synthase (5-dehydroquinate hydrolase); 
chorismate synthase (5-enolpynivyishikimate 3 -phosphate phosph-lyase); 
dehydroquinate dehydratase; shikimate dehydrogenase; 3-deoxy-d-arabino- .- h 

10 heptuloonate 7 phosphate synthase; chorismate mutase (7-phospho-2-dehydro-3- 
deoxy-arabino-heptulate aldolase); 3-deoxy-d-arabino-heptuIoonate 7 phosphate 
synthase; shikimate 3 -phosphotransferase (shikimate kinase); UDP glucose starch 
glycosyl transferase; Q enzymes; acetohydroxy acid synthase; glutamate-1- 
semialdehyde 2 J -aminotransferase; chorismate lyase; malate synthase; isocitrate lyase. 

1 5 and 3-enolpyruvylshikimate phosphate synthase (3-phosphoshikimate- 1 
carboxyvinyltransferase). 

Recombinant protein produced by constructs with genes encoding these 
enzymes \t\Ecofi or in other expression systems is useful for producing antibodies and 
obtaining a crystal structure. Native enzyme is isolated. The expressed and native 

20 proteins are used to design and test new inhibitors in enzyme assays. Expressed and 
native (from varied life-cycle stages) proteins are used and the expressed protein is a 
source of the enzyme, and the enzyme assay is carried out in the presence and absence 
of the inhibitors, either alone or in combination and controls include the bulTer for the 
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enzyme alone. The crystal structure is useful for characterizations of enzyme active 
sitc(s), secondary structure, transit sequence, substrate and product interactions. The 
design of additional inhibitors is carried out using published methods such as modifying 
substrates as had been done with inhibitors of EPSP synthase as well as high through 

5 put screening of available compounds. 

Certain pathways are shown to be affected by inhibitors which are synergistic in 
vitro. Examples of synergistic inhibitors in vitro are gabaculine,(heme synthesis) and 
SHAM (alternative energy generation); NPMG and SHAM; NPMG and sulfadiazine; 
and NPMG and pyrimethamine; Gabaculine and sulfadiazine are an additive^ 

10 combination tit vitro. 

An aspect of the invention is identifying potential targets for therapeutic 
intervention by considering nuclear as well as organellar genes as part of the production 
of enzymes for unique plant-like pathways. For example, the protein synthesis of plant- 
like proteins that is also demonstrated in Apicomplexan parasites suggests not only 

1 5 conservation of plastid genes but also conservation of nuclear genes which encode 
enzymes that act inside or outside the plastid, from an ancestor that is common to 
Apicomplexan parasites and algae. Many vital metabolic pathways of algae (often 
shared with their evolutionary relatives, higher plants) also are conserved in the 
Apicomplexan parasites, whether or not the pathways involve the plastid. 

20 Consequently. Apicomplexan parasites are sensitive to inhibitors that block several ol 
these unique pathways. Combined attack on multiple targets retards the 
emergence/soieeiion of resistant organisms Considering nuclear and organellar genes 
has the dual advantage of rapidly identifying conservation of specific pathways and 
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simultaneously identifying both target sites and lead compounds for therapeutic drug 
development. 

An aspect of the invention is a plurality of inhibitors, singly or in combination, 
directed against enzymes and/or genes encoding a different metabolic pathway. 
5 Examples of inhibitors suitable for practice of the present invention include GSAT, 
3NPA, SHAM, 8-0H-quinoline, and NPMG, sulfonylureas, imidazolines, other 
inhibitors of EPSP synthase or chorismate synthase, which include competitive substrate 
analogues, transitional state inhibitors and direct active site inhibitors as.well as.other 
known compounds (Table I). Some pluralities of inhibitors produce synergistic effects, 
10 Improved "treatments against Apicomplexan parasites result from a variety of 

options: 

1 . some compositions may inhibit the operation of more than one pathway, 
thereby producing a strong effect and lessening the probability of resistance to the drug 
emerging because more than one mutation may be required; 
15 2. some compositions may inhibit more than one step in a pathway; 

3 . some pluralities of compositions may have synergistic effects, producing 
more effective drugs; and 

4. some compositions may target pathways operative exclusively during a 
life cycle of the parasiie. making them more selective eg. against the latent phase. 

20 5. some compositions may inhibit other microorganisms (including other 

Apicomplexans.) 

An additional detail of the invention is that representative Apicomplexan 
parasites, notably /'. gondii, arc used for assaying candidate inhibitors. The invention is 
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directed at effects of inhibitors of the unique plant-like pathways in Apicomplexan. 
alone and in combination. Organisms used for the assays include 7". gondii tachyzoites. 
bradyzoites and a mutant that expresses 50% tachyzoite and 50% bradyzoite antigens. 
Unique plant enzymes and pathways that were found to be inhibited by compounds 
5 shown to inhibit plant pathways in Apicomplexans include: (I) glutamate-l 

semialdehyde amino transferase, an enzyme important in heme synthesis, (2) isocitrate 
lyase, an. enzyme important in utilization of lipids, (3) alternative oxidase enzyme 
complex, enzymes important in energy production and (4) 3-phospho-5- 
enolpyruvylshikimate synthase (EPSP synthase), an enzyme important iacoaversion of 

10 shikimate to chorismate which is a precursor for synthesis of folate, ubiquinone, and 
certain amino acids essential for survival. 

The invention provides a rational, conceptual basis for development of novel 
classes of antimicrobial agents that inhibit Apicomplexan parasites, unique diagnostic 
reagents, and attenuated vaccines. The inhibitors provide lead compounds for the 

15 development of antimicrobial agents. Conserved enzyme active sites or pans of the 
molecules or genes that encode the protein which are targeted by the inhibitors provide 
the basis for development of new but related ways to target the enzymes, such as 
related protein inhibitors, intracellular antibodies, antisense DNA. and ribozymes. 
Inhibitors are effective against more than one parasite {e.g. T. gondii, P. 

20 falciparum and pamtm) and enzymes in these pathways also are present in other 

bacterial and fungal pathogens such as Pneumocystis carhtii, Mycobacterium 

tuhcrculosism Staphylococcus aureus, and Hemophilus influenza, but not animals 

Thus, inhibitors of these pathways alVcct susceptible microorganisms which 

-37- 
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concurrently infect a host. Because enzymes are utilized differentially in different 
parasite life-cycle stages, stage-specific inhibitors are within the. scope of the invention. 
Genes encoding the enzymes in Apicomplexans are identifiable. The genes encoding 
the enzymes are effectively knocked out in these parasites by conventional techniques. 
5 "Knockout" mutants and reconstitution of the missing genes of the parasite demon- 
strate the importance of gene products to the varying life-cycle stages of the parasite 
which are identified using antibodies to proteins and ability to form cysts in vivo, which 
define the life cycle stages. The parasites in which a gene is knocked out are a useful 
basis for an attenuated vaccine. The genes encoding the enzymes or parts of.them 
10 (e.g., a novel targeting sequence) or the proteins themselves alone or with adjuvants 
comprise a useful basis for a vaccine. The pathways and enzymes of the invention are 
useful to design related antimicrobial agents. The sequences and definition of the active 
sites of these enzymes, and pathways, and organelle (e.g., plastid) targeting sequences 
provide even more specific novel and unique targets for rational design of antimicrobial 
15 agents effective against Apicomplexan parasites. For example, proteins which interact 
with the enzyme and interfere with the function of the enzyme's active site, or are 
competitive substrates or products or intracellular antibodies (/.*., with a gene encoding 
the Fab portion of an antibody that targets the protein the antibody recognizes), or 
antisense nucleic acid or targeted ribozymes that function as inhibitors are useful, novel 
20 antimicrobial agents. Enzymes of the invention are a novel basis for unique diagnostic 
tests. Because sonic of these pathways are important in dormant parasites, or in 
selecting the dormant or aciivc life cycle stages, tlicy arc especially important as 
antimicrobial agent targets for life cycle stages of the parasite for which no clVcciivc 
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anlimicrobial agents are known or as diagnostic reagents which ascertain the duration 
of infection. 

Identification of the pathways in Apicomplexan parasites provides additional 
enzyme targets present in these pathways which are not present in or are differentially 
5 expressed in animal cells. Identification of the interrelatedness of these pathways with 
each other provides the basis for the development and demonstration of combinations 
of inhibitors which together have an effect which is .greater than the expected additive 
effect (i.e., synergistic). The meaning of synergism is that compound A has effect A!, 
compound B has effect B\ compounds A+ B have an effect greater, than AVfcJJ 1 . 

10 Synergism is characteristic of inhibitors of these pathways because an initial pathway 
affected by an inhibitor often provides a product used as a substrate for another 
pathway so the inhibition of the first enzyme is amplified. These pathways or their 

pro ducts are interrelated. Therefore, the enzymes or DNA which encodes them are 

targeted by using two or more inhibitors leading to an additive or synergistic effect. 

15 Examples include the additive effect of gabaculine and sulfadiazine and the synergistic 
effects of NPMG and sulfadiazine and NPMG and pyrimethamine. One or more of the 
inhibitors preferentially affect one of the life cycle stages of Apicomplexan parasites. 

Some enzymes are preferentially used by specific stages of the parasites. 
Detection of an enzyme of this type or a nucleic acid encoding it offers a novel 

20 diagnostic te>; not only for presence of a parasite, but also for identification of the stage 
of the parasite 

Genes encoding enzymes in path ways of the present invention are "knocked 
ouT* using Ic»'i::iiquc5 known in the an A parasite with a gene knocked out is s;iid 10 
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be attenuated either because the gene expression of the enzyme is stage specific so the 
parasite cannot become latent, or because the knocked out enzyme is essential for 
parasite survival. The importance of an enzyme's functions in various life-cycle stages 
is determined using a mutant-knockout-complementation system. In the former case, 
5 the attenuated parasite is useful as a vaccine because the "knocked out" gene is critical 
for the parasite to establish latency. Its administration to livestock animals results in 
immunity without persistence of latent organisms. Mutants with the gene "knocked 
out" also can be selected because when the parasites are grown in vitro they are grown 
in the presence of product of the enzymatic reaction to allow their survival. H owever \ 

10 such attenuated parasites do not persist in vivo in the absence of the product and, 

consequently they are useful as vaccines, for example, in livestock animals. The genes 
that encode the protein also are used in DNA constructs to produce proteins 
themselves or the proteins or peptides are used in immunized animals. These constructs 
are used to elicit an immune response and are used for vaccines alone or with 

1 5 adjuvants. Specific examples are incorporation of the gene for alternative oxidase or 
chorismate synthase in a construct which has a CMV promoter and expresses the 
protein following intramuscular injection (i.e., a DNA vaccine). This type of construct, 
but with genes not identified or described as plant-like, has been used as in a vaccines 
that protect against bacterial and protozoal infections. 

20 Plant-like pathways in Apicomplexans were inhibited in vitro. An 

Apicomplcxan GSAT enzyme that is pan of a heme synthesis pathway was targeted 
with inhibitors A gene with homology to ALA synthase was identified by analysis of 
the 7*. xoiuhi USTs (Washington University T. gondii gene Sequencing project). 
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indicating that /'. gondii has alternative methods for synthesis of ALA. An 
Apicomplexan glyoxylate cycle was analyzed to determine the sensitivity of tachyzoites 
and bradyzoites to glyoxylate cycle inhibitors. Specifically, Apicomplexans have 
isocitrate lyase and malate synthase which present a unique pathway for lipid 
5 metabolism that is targeted by inhibitors. Apicomplexan alternative oxidase is targeted/ 
as evidenced by effects of inhibitors of alternative oxidase on this pathway and its 
expression and immunolocalization in tachyzoites and bradyzoites; Apicomplexan 
parasites have a metabolically active EPSP synthase enzyme involved in conversion of 
shikimate to chorismate. These four metabolic pathways, i.e.. heme synthesis, 

10 shikimate pathway, alternative generation of energy, and the glyoxylate cycle are all 

exemplified in T. gondii. To show that inhibition was specific for key enzymes in these 
pathways that are generally absent or used only rarely in mammalian cells, product 
inhibition, studies were used in vitro. For example, gr owth of 7 '. gon dii is sensitive to 
NPMG that inhibits the synthesis of folic acid via the shikimate pathway. Because 

1 5 mammalian hosts lack the entire shikimate pathway, it is unlikely that the parasites can 
obtain either PABA or its precursor chorismate from the host cells so provision of 
PABA circumvents the need for the substrate pathway for folate synthesis and rescues 
the EPSP synthase inhibition by NTMG. 

Further proof of the presence of the plant-like pathways arises from biochemical 

20 assays for an enzyme in analogous plant pathways and isolation of encoding genes. 
Genes are identified by search of available expressed sequence tags (ESTs. i.e.. short, 
single pass cDNA sequences generated from randomly selected library clones), by PCR 
amplification using primer sequences dc:;\ cd from published conserved sequences ol 
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plant genes with parasite genomic DNA or parasite DNA libraries (Chaudhuri et al., 
1996), by the screening of Apicomplexan DNA expression libraries with antibodies to 
previously isolated homologous proteins or the DNA which encodes them and by 
complementation of E. coii or yeast mutants deficient in an enzyme. Genes isolated by 
5 these techniques are sequenced which permits identification of homologies between 
plant and Apicomplcxan genes using sequence databases such as Genbank. These 
assays confirm that an enzyme and the gene encoding it are present in Apicomplexan 
parasites. E. coii mutants and yeast deficient in the enzyme are complemented with 
plasmid DNA from T. gondii cDNA expression libraries or the isolated gene.or a 

10 modification (e.g., removing a transit sequence) of the isolated gene which allows the 
production of a functional protein in the E. coli or yeast, demonstrating that the gene 
encoding the enzyme is functional. Homologous genes in T. gondii, P. malaria, 
Cryptosporidia. Neospora, and Eimcria are identified when relevant plant or T. gondii 
genes are used as probes to DNA obtained from these organisms and the genes are 

1 5 identified either by cloning and sequencing the DNA recognized by the probe or by 
using the probe to screen the relevant parasite libraries. Genomic DNA is sequenced 
and identifies unique promoters which are targeted. Unique parts of the genes were 
identified in the sequences and provide additional antimicrobial agent targets, diagnostic 
reagents and vaccine components or bases for vaccines. Cladc and bootstrap analyses 

20 (Kohler et al., 1997) establish the phvlocenelic origin of novel, sequenced, parasite 

genes and this indicates other related antimicrobial agent targets based on components, 
molecules, and pathways of phylogcnetically related organisms. Gene products are 
expressed and utilized lor enzyme assays and for screening novel inhibitors, for making 
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antibodies for isolation of native protein, tor x-ray crystallography which resolves 
enzyme structures and thus establishes structure-function relationships and enzyme 
active sites which are useful for the design of novel inhibitors. 

Immunoeiectronmicroscopy using antibodies to enzymes such as chorismate 

5 synthase, alternative oxidase, malate synthase or isocitrate lyase immunolocalizes the 
enzymes within the parasite and determines their location, in particular whether they are 
in plant-like organelles. Apicomplexan transit peptides are identified by their homology 
to known transit peptides in other species. Attachment of reporter proteins to the wild 
type transit peptide, or deletion or mutations of the transit peptide or portion pf the 

1 0 peptide or gene encoding it, and then characterization of targeting of these constructs 
alone or in association with reporter constructs establishes that the amino acid 
sequences of the transit peptide determine intracellular localization and site of function 

of proteins with this sequence. Stage specificity of these enzymes is d etermined in vitro 

by using antibodies to stage- specific antigens in inhibitor-treated cultures, by Western 

1 5 or Northern analyses (detection), by enzyme assays using selected parasite life cycle 
stages, by using RT PCR (Kirisits, et al. 1996) and a DNA competitor as an internal 
standard to quantitate the amount of mRNA in parasite samples, by ELIS A 
(quantitation) and by determining whether a parasite with the gene knocked out can 
develop a bradyzoite phenotype in vitro in the appropriate bradyzoitc inducing culture 

20 conditions. Stage specificity in vivo is determined by observing effects of the inhibitors 
on different life cycle stages in acutely v> chronically infected mice and by determining 
whether a p;ir.:<ite with the gene knocked om can form cysts in vivo. Useful techniques 
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to develop diagnostic reagents for detection of these proteins or nucleic acids include 
EL1S As, Western blots, and specific nucleotides used as probes. 
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EXAMPLES 

Example I: Novel /// \ r uro Assnv Svstcms to Assess Aniimicrohtnl Effects on 
T. gondii 

New in vitro and in vivo assay systems were developed to determine whether 
5 plant metabolic pathways are present in Apicomplexans. New elements include use of. 
longer culture times (e.g., extending the duration of the assay to > 6 days is also a 
unique and useful aspect of this invention, because it allows demonstration of 
antimicrobial effect for compounds which have to accumulate prior to exerting their 
effect), use of Me49 PTg and R5 strains in vitro, employing synergistic combinations of 
10 NPMG and low dosage pyrimethamine in vivo, and assays of parasitemia in vivo using 
competitive PCR. 

Improvements were developed in the assays reported by Mack et al, (I9S4) and 

Holfels ct al. ( 1994 ) to measure T. g ondii replica tion in tissue culture. The 

improvements are based on microscopic visual inspection of infected and inhibitor 

1 5 treated cultures, and on quantitation of nucleic acid synthesis of the parasite by 

measuring uptake of ? H uracil into the parasite's nucleic acid. Uracil is not utilized by 
mammalian cells. Parasites present as tachyzoites (RH, Ptg. a clone derived from the 
Me49 strain), bradyzoites (Me49), and R5 mutants (mixed tachyzoite/bradyzoitcs of the 
Me49 strain that can be stage switched by culture conditions) (Bohne ct al., 1993. 

20 Soete et aL 1994; Tomovo and Boothroyd, 1995; Weiss et ai. 1992) arc suitable for 
assay systems used to study effects of inhibitors. Only the RH strain tachyzoites. 
cultured for up to 72 hours, had been used in previously rcponed assays. The use ol 
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Mc49, Ptg, and R5 mutant are unique aspects of the methods used in these assays in 
this invention. 

Results using the assay systems are shown in FIGS. 4, 6-8. In these assays 
toxicity of a candidate inhibitor was assessed by its ability to prevent growth of human 
5 foreskin fibroblasts (HFF) after 4 days and after S days as measured by tritiated 
thymidine uptake and microscopic evaluation. Confluent monolayers of HFF were 
infected with tachyzoites or bradyzoites. Inhibitor was added one hour later. Non- 
toxic doses were used in parasite growth inhibition assays. Parasite growth was 
measured by ability to incorporate tritiated uracil during the last 18 hours of .culture. 

10 Example 2: Detection of PInnt-like Pathways in Apicomnlcxnns 

Using assays disclosed herein, some of which were novel, Apicomplexan 
parasites were found to contain at least four metabolic pathways previously thought to 
be unique to plants, algae, bacteria, dinoflagellates, and fungi. Specifically, the 
presence of a unique heme.synthesis pathway, an alternative oxidase pathway, a 

1 5 glyoxylate cycle and a pathway necessary for the biosynthesis of chorismate and its 
metabolites were explored. Growth of the parasite, T. gondii, depends upon these 
pathways. To examine T. gondii for the presence of plant-like and algal metabolic 
pathways, certain inhibitors of metabolic pathways are suitable to apply because of their 
ability to prevent growth of the parasite in tissue culture. 

20 Pathways which arc present in Apicomplexans were analyzed as follows: First. 

7. gondii tachyzoites were tested to see if they were sensitive in vitro to inhibition by 
specific inhibitors of target pathways Then brr.clyzoites arc tested Positive results lor 
each pathway provided presumptive evidence thai the inhibitor targets were present and 
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that llicir activities arc important for parasite survival and growth. The inhibitors 
efTective in vitro were screened for activity /// vivo in mice. An. example of an effective 
combination /// viw is NPMG and low dosage pyrimethamine. 

The presence of an enzyme was further confirmed by product rescue in vitro t in 
5 which the product abrogates the need for its synthesis by the enzyme. An example was . 
rescue by PABA for the reaction catalyzed by EPSP synthase. Other methods to 
demonstrate the presence of an enzyme and thus the pathway include functional enzyme 
assays, complementation of mutant E colt strains, PCR, screening of a T. gondii 
expression library with antibodies or DNA probes, and immunostaining of Western 

10 blots. For some enzymes, identification of a partial sequence of a gene in an EST 
library in the gene database led to cloning and sequencing the full length gene. 
Demonstration of the enzymes also is diagnostic for presence of the parasites. 
Examples arc demonstration of T. gondii and C. panvmi GSAT and T. gondii 
alternative oxidase and 7". gondii isocitrate lyase and malate synthase by Western 

1 5 analysis and cloning and sequencing of the T. gondii and P. falciparum chorismate 

synthase gene. Reagents (gene probes and antibodies) obtained during characterization 
of genes from T. gondii are used to detect homologous enzymes and pathways in other 
Apicomplexan parasites. Examples were using the T. gondii chorismate synthase gene 
to probe P. falciparum. Eimcria bovis and Cryptosporidium parvum genomic DNA. 

20 Other examples are using heterologous plant DNA to detect Apicomplexan GSAT, 

isocitrate lyase, malate synthase, and alternative oxidase genes. Such genes are used as 
DNA probes to screen libraries to clone and sequence the genes to identify PGR 
products 
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Example 3: Effects of Inhibitors //' Vitro on 7. gfwr/f7 

Using the assays described in Example I, five compounds that restrict the 
growth of T. gondii in vitro were identified: 
(i) Gabaculine 

5 (ii) NPA 

(iii) SHAM (Saiicylhydroxamic Acid); 

(iv) 8-hydroxyquinoline 

(v) NPMG 
Specifically these inhibitors act as follows: 

l0 i The EfTcct of Gabaculine, An Inhibitor Of The 5-Cnrbon Heme 

Synthesis Pathway, On the Growth of T. gondii 
FIG. 1 A compares heme biosynthesis in plants, algae and bacteria with heme 
biosynthesis in mammals. In higher plants and algae, ALA is produced in the plastid by 
the action of GSA aminotransferase on glutamate l-semialdehyde. In mammals, ALA 
1 5 is formed through the condensation of glycine and succinyl CoA. ALA is subsequently 
converted to heme. In one dinoflagellate and T. gondii both pathways are present. 

Inhibitors of plant heme synthesis pathway restrict the growth of Toxoplasma 
gondii in vitro. As shown in FIG. 1 A, the synthesis of 5-aminolevulinic acid (ALA), 
the common precursor for heme biosynthesis, occurs in the plastid of plants, algae and 
20 Apicomplexan parasites by the 5-carbon pathway and ALA synthesis occurs by a 
different pathway in animals. The pathway in animals involves the condensation ol 
glycine and succinyl CoA The data in FIG. IB-C and a Western blot utilizing an 
antibody to the homologous soybean, and barley, and syncchococcus GSATs. 
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demonstrate that Toxoplasma gondii utilizes the 5-carbon pathway For ALA synthesis 
and therefore heme biosynthesis. 3-amino 2,3-dihydroxybcnzoic acid (gabaculine) 
inhibits GSA in the heme synthesis pathway. 

First the toxicity of gabaculine was assessed by its ability to prevent growth of 
5 human foreskin fibroblasts (HFF) as measured by 3 H-thymidine uptake and microscopic 
evaluation. Non-toxic doses were used in parasite growth inhibition assays. //; vitro 
parasite growth inhibition assays included confluent monolayers of KFF irtfected with 
tachyzoites (RH) or mutant Me49 (R5). Gabaculine was added I hour later. Parasite 
growth was measured by the ability to incorporate 3 H-uracil during the last 1.8 hours of 
10 culture. In addition, parasite growth was evaluated microscopically in Giemsa stained 
slides. 

Toxoplasma organisms were grown in human foreskin fibroblasts alone and in 
the presence of different concentrations of gabaculine (3-amino-2,3-dihydrobenzoic 
acid). Growth was measured by the ability of T gondii to incorporate tritiated uracil. 

1 5 This compound was effective at inhibiting the growth of T. gondii at the 20mM 

concentration. FIG. IB demonstrates the ability of gabaculine (a specific inhibitor of 
GSA aminotransferase) to restrict the growth of T. gondii in an in vitro assay over a 4 
day period. T. gondii growth is measured by ability of the parasites to incorporate 
tritiated uracil and is expressed as counts/minute (CPM) on the Y-axis. The X-axis 

20 describes how the T. gondii cultures were treated. Cultures that were grown in 

medium (medium) produced a CPM of around 45.000. If no 7*. gondii were added to 
the cultures ( m* RH). a CPM of around 2.000 was observed Pyrimethamine (0. 1 
imvml) and sulfadiazine (12 5 uu/ml) added to cultures resulted in a marked 
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reduction in CPM compared with untreated cultures. At a dose of 5 mM gabaculine 
restricted around 50% of CPM and at a dose of 20 mM it almost completely inhibited 
parasite growth, with counts of about 5,000 CPM. 

FIG. IC demonstrates the ability of gabaculine to inhibit the growth of 
5 T. gondii over S days in culture. T. gondii growth is measured by ability of the 

parasites to incorporate tritiated uracil and is expressed as counts/minute (CPM) on the 
Y-axis. The X-axis represents days post infection. . Parasite growth was evident in the 
cultures where no drug was added (medium) over the entire time course. Parasite 
growth was restricted in cultures with 20 mM gabaculine (gabaculine) over the S day 

10 time course. Similarly, parasite growth was restricted in cultures with pyrimethamine 
and sulphadiazine (P/S) over the 8 day time course. Similar concentrations showed no 
toxicity to the foreskin fibroblasts indicating the specificity of this compound for 
T. gondii. Parallel cultures, fixed and stained with Gicmsa and examined by 
microscopy, clearly demonstrated that T. gondii growth was substantially inhibited in 

15 the presence of 3-amino-2,3-dihydrobenzoic acid. The results in FIGS. IB and IC 
indicate that T. gondii utilizes the 5-carbon ALA synthesis pathway. 

FIG. 7 demonstrates the ability of gabaculine to inhibit the growth of the 
mutant R5 strain of T. gondii over 8 days in culture. This mutant strain is atovaquonc 
resistant and possesses certain characteristics of the tachyzoite stage and certain 
20 characteristics of the bradyzoite stage. 7'. gondii growth is measured by their ability to 
incorporate tritiated uracil and is expressed as counts/minute (CPM) on the Y-axis 
The X-axis rerrcscms days post infection Parasite growth was evident in the cultures 
where no dru-j -a as added (medium) over the ciuire lime course. Parasite growth was 
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restricted in cultures with 20mM gabaculine (gabacuiinc) over the first 6 days of 
culture, after which a marked increase in parasite growth was detected. Furthermore 
groups of proliferating organisms which resembled tissue cysts were observed in 
similarly treated cultures. Parasite growth was restricted in cultures with 
5 pyrimethamine and sulphadiazine (P/S) over the entire 8 day time course. Residual R5 
organisms in treated cultures at 8 days begin to incorporate uracil again and some of 
them appeared cyst-like. Therefore, T. gondii cystrlike structures are selected by 
gabaculine treatment of cultures. Specific immunostaining of such cultures treated with 
gabaculine for tachyzoite and bradyzoite specific antigens demonstrates thatgabaculine 

1 0 selects bradyzoites. Table 2 is a schematic representation of experiments designed to 
test the hypothesis that tachyzottes utilize both conventional oxidase and alternative 
oxidases, but bradyzoites only use alternative oxidases, therefore interfering with 
generation of iron sulfated proteins by gabaculine treatment will select bradyzoites. 
The design and predicted results of stage specific immunostaining (Kasper ct al., I9S3) 

1 5 if the hypothesis were correct are shown in Table 2 and confirm the hypothesis. These 
results suggest that 7*. gondii has stage-specific utilization of alternative oxidases which 
are utilized when cell cultures are treated with gabaculine because it depletes heme and 
thus depletes iron sulfated proteins used in conventional respiration. 

In summary, 3-amino-2,3-dihydrobcnzoic acid (uabaculine) is an inhibitor of the 

20 5 carbon heme synthesis pathway present in Apicomplcxan parasites. Heme synthesis 
occurs by a different pathway in mammalian cells and is therefore unaffected by 3- 
amino-2.3-di!:;.drol>cnzoic acid 
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ii. An inhibitor of the giyoxylatc cycle restricts the growth of 
T. gondii in vitro. 

3-Nitropropionic acid is an inhibitor of isocitrate lyase in the degradation of 
lipid to C4 and inhibits replication of T. gondii in vitro. FIG. 2 A illustrates how the 

5 giyoxylatc cycle manufactures C4 acids. Acetyl Co A, a byproduct of lipid breakdown 
combines with oxaloacetate to form citrate. By the sequential action of a series of 
enzymes including isocitrate lyase, succinate is formed. Glyoxalate, the byproduct of 
this reaction is combined with a further molecule of acetyl CoA by the action of malate 
synthase. Malate is then converted to oxaloacetate, thus completing the cycle. 3-NPA 

10 and itaconic acid are inhibitors of this pathway. FIG. 2B demonstrates the ability of 

3-NP A (an inhibitor of isocitrate lyase) to restrict the growth of T. gondii in an in vitro 
assay over a 4 day period. This result indicates it is likely that T. gondii degrades 
lipids using isocitrate lyase. T. gondii growth is measured by their ability to incorporate 
tritTated uraciTandTs expressed as HuntVminuie (CPM) on the Y-axis: the X-axis 

1 5 described how the T. gondii cultures were treated. Cultures that were grown in 

medium (medium) produced a CPM of about 30.000. If no L gondii were added to 
the cultures (no RH), a CPM of about 2,000 was observed. Pyrimethamine (0. 1 ng/ml) 
and sulphadiazine (12.5 |ig/ml) added to cultures resulted in a marked reduction in 
CPM compared with untreated cultures. A dose ofO.006 nig ml 3-NPA (3-NPA) 

20 restricted around 60% of CPM 3-NPA inhibits the glyoxylate cycle (isocitrate lyase) 
and/or succinate dehydrogenase in Apicomplcxnn parasites. 
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tii. and iv. EfTcct of SHAM and S-hydroxyqiiinolinc on alternative 

oxidase in T. gondii 
There is a metabolic pathway found in most plants and algae and in 
Apicomplexans, but absent in most multicellular animals. FIG. 3A describes the 
5 electron transport respiratory chain that normally occurs on the inner membrane of 
mitochondria, in animals, NADH and succinate produced by the action of the citric 
acid cycle diffuse to the electron transport chain. By a series of oxidation reactions 
mediated in part through the cytochromes, free energy is released. This free energy 
yields the potential for the phosphorylation of ADP to ATP. In plants, in addition to 
10 the conventional electron transport chain complexes, there is an alternative pathway or 
respiration. Alternative pathway respiration branches from the conventional pathway at 
ubiquinone and donates released electrons directly to water in a single four electron 
step. An important feature of this pathway is that it does not contribute to 
transmembrane potential and thus free energy available for the phosphorylation of ADP 
1 5 to ATP. The pathway provides a source of energy and is preferred for conditions with 
relatively low ATP demands. A key enzyme in this pathway is an alternative oxidase ' 
that is cyanide insensitive and does not require heme. Toxoplasma gondii utilizes the 
alternative oxidase for respiration. 

TIC. 313 demonstrates the ability of SHAM (a specific inhibitor of alternative 
20 oxidase) to restrict the growth of T. gondii in an in vitro assay over a 4 day period. 

The ability of these compounds to inhibit the growth of /'. gondii was examined by the 
assay described in Example 1 . 7. gondii growth is measured by their ability to 
incorporate tritiatcd uracil and is expressed as counts/minute (CPM) on ihc Y-axis. 
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The X-axis describes how the T. gondii cultures were treated. Cultures that were 
grown in medium (medium) produced a CPM of around 54,000. If no 7! gondii were 
added to the cultures (no RH), a CPM of around 1,000 was observed. Pyrimethamine 
(0. 1 Mg/ml) and sulphadiazine (12.5 jig/ml) added to cultures resulted in a marked 
5 reduction in CPM compared with untreated cultures. A dose of 0. 19 Mg/ml SHAM 
(0.19) restricted around 50% of CPM and at a dose of 0.78 \xgfm\ it essentially 
inhibited parasite growth, with counts of about 8,000 CPM. 

Salicylhydroxarnic acid (SHAM) and 8-hydroxyquinoline are inhibitors of the 
alternative oxidase and are also effective against T. gondii, presumably by inhibiting the 

10 alternative pathway of respiration. Salicylhydroxarnic acid and S-hydroxyquinoline 
inhibit the alternative oxidase of T. gondii tachyzoites. Since alternative oxidative 
respiration does not occur in mammals, this makes antimicrobial compounds targeting 

this pathway therapeutic candidates. 

v. Effect or NPMG 

1 5 The shikimate pathway is common to plants, fungi and certain other 

microorganisms and Apicomplexan parasites, but it is not present in mammalian cells. 
FIG. 4A details the events that result in the production of tetrahydrofolatc, aromatic 
amino acids and ubiquinone in plants, algae, bacteria and fungi. In this pathway, 
chorismatc is formed through the sequential action of a number of enzymes including 

20 EPSP-synthase and chorismate synthase. EPSP-synthasc is inhibited by NPMG. 

Chorismatc i$ further processed to yield tctra hydro folate or ubiquinone by a further 
series of cii7.yir.atic reactions This pathway has not been described in mammals which 
arc dependent on diet for folate and therefore for tctrahydrolblaie production. This 
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pathway is required for the synthesis of certain aromatic amino acids and aromatic 
precursors of folic acid and ubiquinone. It is likely that Toxoplasma gondii utilizes the 
shikimate pathway for synthesis of folic acid, ubiquinone and aromatic amino acids. 
N-(phosphonomethyl) glycine, an inhibitor of 3-phospho-5- 
5 enolpyruvylshikimate (EPSP) synthase and thus an inhibitor of shikimate to 
chorismate conversion, affects the pathway (Table 1). the ability of this 
compound to inhibit the growth of T. gondii was examined by the assay described 
in Example 1. 

FIG. 4B demonstrates the ability of NPMG (a specific inhibitor of 
10 EPSP-synthasc) to restrict the growth of 7*. gondii in an in vitro assay over a 4 day 

period. T. gondii growth is measured by their ability to incorporate tritiated uracil and 
is expressed as counts/minute (CPM) on the Y-axis. The X-axis describes how the 7*. 
gondii cultures were treated. Cultures that were grown in medium (medium) produced 
a CPM of around 72,000. If no T. gondii were added to the cultures (no RH), a CPM of 
15 around 2,000 was observed. Pyrimethamine (0.1 ug/ml) and sulphadiazine (12.5 ug/ml) 
added to cultures resulted in a marked reduction in CPM compared with untreated 
cultures. At a dose of 3.12 mM NPMG (3.12) restricted around 60% of CPM and at a 
dose of 4.5 mM it inhibited parasite growth by around 80%, with counts of about 12,000 
CPM. 

20 In FIG. 4C the ordinate shows uptake of tritiated uracil into T. gondii nucleic 

acids, inhibitory effects of NPMG on nucleic acid synthesis is shown; where PABA at 
increasing concentrations is added to such cultures, PABA abrogates the inhibitory 
effects of NPMG on EPSPS synthase restoring nucleic acid synthesis. 
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vi. Brnnchcd Chnin Amino Acid Synthesis 
Jmidazolinoncs and sulfonylureas inhibit acetohydroxy acid synthase in 

Apicomplexan parasites. 

vii. Starch (amylopcctin) Synthesis and Degradation 

5 LFDP glucose starch glycosyl transferase is inhibited by substrate competition in 

Apicomplexan parasites. 

yiii. Transit Sequences 

Antisense, ribozymes, catalytic antibodies, (Pace et al. f 1992;. Cate et a!., 1996; 
Charbonnier 1997; Askari et a!., 1996) conjugation with toxic compounds allow 

1 0 targeting of parasite molecules using transit sequences. 

Identification of transit sequences in Apicomplexans provides many means for 
disruption of metabolic pathways. Antisense or ribozymes prevent the production of 
the transit peptide and associated protein. Alternatively production of transit peptide 
sequences, and the conjugation to toxic molecules, allow disruption of organellar 

1 5 function. Catalytic antibodies also arc designed to destroy the transit sequence. These 
antisense compounds or ribozymes or toxic molecules targeted to transit sequences 
with intracellular antibodies are used as medicines to inhibit the parasite. 
Example 4: Plant-like Pathways and Enzymes in Apicomplexan Parasites 
Plasmodium falciparum and Crxntasnariditt namtnt 

20 Based on the effects of inhibitors of plant-like pathways, abrogation of inhibitor 

effects, and detection of specific enzymes and/or genes. Apicomplexans. in general, 
have plant-like pathways. Results shown in this example broaden the observations of 
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the presence of plant-like pathways in Apicomplexans beyond the representative 
parasite 7". gondii. 

i. Heme Synthesis 

Gabaculine inhibited the heme synthesis pathway (GSAT) in Apicomplexan 
5 parasites (FIGS. IB and 1C, T. gondii, FIG. 6, Cryptosporidia) but with modest or no 
affect on P. falciparum (Table 3, Malaria). 

FIG. 6 demonstrates the effect of NPMG, gabaculine, SHAM and 
8-hydroxyquinoline and 3-NPA on Cryptosporidia in vitro. C. parvwn oocysts at 
50,000/well were incubated at 37° C (S% C0 2 ) on confluent MDBKP5D2 cell 
10 monolayers in 96 well microliter plates with the following concentrations of each drug. 
The concentrations used were: SHAM (0.2% ETOH was added) 100, 10, I, 
0.1 pg/ml; 8-hydroxyquinoline 100, 10. I. 0.1 pg/ml; NPMG 4.5, 0.45, 0.045 ug/ml. 
gabaculine 20. 2. 0.2 ug/ml. The level of infection of each well was determined and 
analyzed by an immunofluorescence assay at 4S hours using an antibody to C parvwn 
1 5 sporozoites made in rabbits at a concentration of 0. 1 %. Fluorescein-conjugated goat 
anti-rabbit antibody was used at a concentration of 1%. 95% CI count was the mean 
parasite count per field when 16 fields counted at lOx magnification ± s.d. of the mean. 
The approximate 95% CI counts were as follows: media and cthanol - 1200: 
paromomycin (PRM) and cthanol - 100: SHAM 100 ug/ml - 400; SHAM 
20 10 ug/ml - 1 100: SHAM 1 ug/ml - 1 100. SHAM 0.1 ug/ml - 1200: media alone - 

IS0O ug/ml: PRM -200: S-OH-quinoline 100 ug/ml: -300. S-OH-quiitolinc 10 ug/ml. 
-900, S-OI l-quinolinc I ug/ml -1 100. S-OH-quinoline 0. 1 ug/ml - 1 300; NPMG 
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4.5 ug/ml - 900; NPMG 0.45 ug/ml - 1200; NPMG 0.045 - 1200; gabaculine 
20 ug/ml - 200; gabaculine 2 ug/ml -600; and gabaculine 0.2 ug/ml - 1300. Thus 
each of these compounds are promising lead compounds as antimicrobial agents 
effective against Cryptosporidia. 
5 ii. Glyoxylntc cycle 

3-NPA inhibited the giyoxylate cycle (isocitrate lyase) and/or succinate 
dehydrogenase in Apicomplexan parasites (FIG. 2B, T. gondii) and also inhibited P. 
falciparum and C panntm. 

To determine whether there is an Apicomplexan giyoxylate cycle, to analyze the 
10 sensitivity of T. gondii tachyzoites and bradyzoites to giyoxylate cycle inhibitors and to 
determine whether Apicomplexan parasites have isocitrate lyase which presents a 
unique pathway for lipid metabolism that can be targeted with inhibitors, the following 

met hods-are-suit abler—- — - * — ~ — - -=-— - - -■■ =" 

The inhibitor of isocitrate lyase is 3-nitropropionic acid (concentration ranging 
15 from 0.005 to 5mg/ml in vitro, and 5 to 50 mg/kg/day in vivo). Mutants [Yale Stock 
Center] used for complementation are as follows: £. coli strains; DV 21 AO I (aceA 
which lacks isocitrate lyase) and DV2I A05 (accB which lacks malatc synthase). Plant 
gene sequences suitable for comparison arc those described by Kahn ct aL (1977), 
Maloy ct aL < 19S0); and Maloy ct aL (I9S2). A biochemical assay for isocitrate lyase 
20 activity is the method of Kahn ct ai. (1977). The polyclonal antibodies to cotton malatc 
synthase and cotton isocitrate lyase which hybridize to T. gondii proteins of 
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approximately 60 kd are used lo identify these enzymes in other Apicomplcxan 
parasites. 
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iit. Alternative Oxidase 

SHAM and S-hydroxyquinoline inhibited the alternative pathway of respiration. 
/.cr. t the alternative oxidase in Apicomplexan parasites (FIG. 3, T. gondii; FIG. 6, 
Cryptosporidia parvunt; Table 3, Plasmodium falciparum (clones W2, D6), 
5 pyrimethamine resistant or sensitive clones. Because Cryptosporidia appear to lack 
mitochondria, the plastid is a likely site for the alternative pathway of respiration. 



Table 3. Effect of NPMG, SHAM, 8-OH quinoline, 3NPA and gabaculine on the D6 and W2 
clones of Plasmodium falciparum* 


Inhibitor 


Parasite Clone 


Cone 


nq/ml) 


IC 50 


IC 90 


NPMG 


D6 
W2 


623 
1716 


2510 
3396 


SHAM 


D6 
W2 


6210 
5705 


25066 
42758 


8-OH-quinoline 


D6 
W2 


1204 
1631 


1883 
4521 




988:~Concentrations 
» follows for the W2 and 
(38.65. 4.41). HAL 
with IC 50=3304. 2817; 
i (IC 50 t 45.000). 


'Assays were performed in accordance with Miihous ef a/.. 1985; Odula ef £ 
(ng/ml) of other compounds that inhibited these clones in this assay were a; 
D6 clones: Pyrimethamine (82.10, 0.05), Chloroquin (40.86. 2.88). Quinine 
(0.33. 0.51). Atovaquovone (0.13. 0.12). 3NPA also inhibited P. falciparum 
IC 90=4606. 2817 but with a very small or no significant effect of gabaculine 



Effect of SHAM on wild type malaria in vitro had been described earlier (Fry and 
10 Becsley, 1 99 1). However, this observation was presented without knowledge that 
SHAM affected alternative oxidase function, 
iv. Shikimatc/Chorismatc 

NPMG inhibited the shikimatc pathway in Apicomplexan parasites (FIG. 4R. 
7*. gondii. Table -J. Malaria; FIG. 6, Cryptosporidia) 



BNSDCCID: <WO 0066154A2J_> 



WO 00/66154 




PCT/USOO/11478 



Presence of a product of the enzymatic reaction in the pathways of the present 
invention abrogates the effect of the inhibitor on a specific enzyme because the product 
no longer has to be made by enzyme catalysis of a substrate. Thus, addition of the 
product proves the specificity of the effect of the inhibitor on the enzyme. The addition 
5 of PABA abrogates the exogenous effect of NPMG which is an inhibitor of EPSP 
synthase (FIG. 4B, T. gondii). Because PABA ablates the effect of the inhibitor 
NPMG on EPSP synthase, the presence of the shikimate pathway in Apicomplexan 
parasites is demonstrated. 

Other specific methods to determine whether Apicomplexan parasites have a 

10 metabolically active EPSP synthase enzyme involved in conversion of shikimate to 

chorismate and further characterize this metabolic pathway in T. gondii are as follows: 
Use of the inhibitor N-(phosphonomethyl) glycine (concentrations of 3.125mM 
in vitro and 100 mg/kg/day in vivo). The product rescue assays are performed witli 
PABA. The mutants for complementation are as follows: E. coii, AroA\ E. co/i, AroC. 

1 5 and yeast, AR. [Yale Stock Center] Plant gene sequences for comparison are outlined 
by Klee at a/. (I9S7). A biochemical assay for EPSP synthase activity in cellular lysatcs 
is as described by Mousdale and Coggins (1985). Other enzymes in this pathway also 
are characterized (Nichols and Green. 1992). The full length nucleotide sequence of 
chorismate synthase was obtained following restriction digestion and primer-based 

10 sequencing of the Tg EST zyllcOS.rl clone obtained from the "Toxoplasma EST 
Project at Washington University*' and of P. falcifxirum EST czap PFD d2.l clone 
obtained from the 'malaria EST project." D Chnkrabani, Florida. The Toxoplasma 
yuttdn sequence has substantial homology with tomato and several other chorismate 
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synthases and a region of the T. gondii protein has 30% identity and 45% homology 
with the transit sequence of Zea mays (sweet corn). Other inhibitors of EPSP synthase 
arc Inhibitors 4 and 5, sulfosate (Marzabadi et al. f 1996). Other inhibitors of enzymes 
in this pathway also have been developed by others and provide a paradigm for the 
5 rational synthesis of competitive substrate inhibitors of Apicomplexan parasites. 

v. Branched Chain Amino Acid and Other Essential 
Amino Acid Synthesis 

Acetohydroxy acid synthase is an enzyme present in plants but not animals and 

10 is inhibited by imindazolinones and sulfonylureas in Apicomplexan parasites. Inhibitors 

of histidine synthesis restrict growth of Apicomplexan parasites. 

vi. Starch (Amylose/Amylopcctin) Synthesis and Degradation 

UDP glucose starch glycosyl transferase, starch synthetase and Q (branching) 
enzymes are inhibited by substrate competitors in Apicomplexan parasites. 
15 vii. Lipid Synthesis 

The plant-like acetyl coA decarboxylase is inhibited by a number of inhibitors 
shown in Table IB. Linoleic acid and linolencic acid synthases are inhibited by newly 
designed competitive substrates. 

viii. Auxins and GiWcllins 
20 The known auxin mimics and Gibercllin synthesis and Gibcrcllin inhibitors 

inhibit Apicomplexan parasites 1 growth. 
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ix. Glutamiiic/Glutamatc Synthesis 

Glufosinate inhibits Apicomplexan glutamine/glutamate. synthesis because the 
critical enzyme is plant-like. 

x. Transit Sequence 

5 The transit sequence is conjugated with toxic molecules such as ricins and used 

to disrupt plastid function in Apicomplexans. Other strategies, such as antisense, 
ribozymes or the use of catalytic antibodies prevent translation of DNA to protein or 
catalyze the destruction of mature protein. This interferes with functioning of the 
molecule and thus the parasite's growth and survival. 

10 EvampIcS: The Combined Effects of Inhibitors of Anicom nlcxan Parasites 
The effect of enzymes in pathways "in parallel" are additive and in "series" are more 
than the additive efTect of either inhibitor used alone (/.<?., synergistic). FIG. 5 
demonstrates the inter-relationship of the shikimatc pathway and heme synthesis with 
the electron transport chain. The shikimate pathway produces 3,4-dihydroxybenzoate 

1 5 which is converted to ubiquinone, an essential component of the electron transport 
chain. Thus. NPMG, an inhibitor of EPSP-synthase, indirectly afTects ubiquinone 
production and, thus, the electron transport chain. Similarly, heme is required for the 
production of cytochromes in the electron transport chain. Thus, inhibition of heme 
production by gabaculinc also indirectly allects the conventional electron transport 

20 chain. This scheme allows synergistic combinations of drugs. Thus. NPMG and 

sulphadiazine (a competitive PA8A analogue) which act at different points of the folate 
svr.ihesi* pa;!nvay arc predicted to be synergistic, whereas the effects of gabaculme and 
sulphadizine ta competitive PABA analogue) which act on dilVerenl pathways, are 
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predicted to be additive. Similarly, gabacuiinc and SHAM arc a predicted synergistic 
combination of inhibitors. Table 4 demonstrates the additive inhibitory effect of 
sulphadiazine and gabaculine on the growth of T. gondii over 4 days in culture. 
7! gondii growth is measured by their ability to incorporate tritiated uracil and is 

5 expressed as counts/minute (CPM). Cultures that were grown in medium (medium) 
produced a CPM of about 36,000. If no T. gondii were added to the cultures (no RH). 
a CPM of about 2,000 was observed. Pyrimethamine (0. 1 ng/ml) and sulphadiazine 
(12.5 jig/ml) added to cultures resulted in a marked reduction in CPM compared with 
untreated cultures. The growth of T, gondii was inhibited by about 60% in cultures 

10 treated with 5 mM gabaculine (gabaculine). The growth of T. gondii in cultures treated 
with sulphadiazine ( 1 .56 jig/ml) was reduced by approximately 60%. When this dose 
of sulphadiazine was used in combination with 5 mM gabaculine, as expected, the 
c ombined effect of gabaculine plus sulfadiazine is ad ditive because the pathway s a re in 
parallel. In contrast, NPMG and sulfadiazine combine in a synergistic manner. 

15 Because heme is needed for conventional mitochondrial respiration, it is expected that 
if both the heme synthesis and alternative oxidase pathways are present, then 3-amino- 
2.3-dihydrobenzoic acid and SHAM will demonstrate synergy. Similarly, ubiquinone or 
end products of the shikimate pathway are needed for mitochondrial respiration and 
NPMG plus SHAM therefore demonstrate synergy. Table 4 also shows that; the 

20 effects of gabaculine and SHAM arc not synergistic as would be predicted by this 
simple model The likely reason for this is thai ALA synthase is present in 7". gondii 
and provides default pathway for the synthesis of o-aminulcvulinic acid. Thus, the 
effects of gabaculine plus SI 1AM are not synergistic Cycloguanil which affects the 
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plant-like DHFR-TS of T. gonttii (McAulcy el al. 1994) also is synergistic with NPMG 
and oilier inhibitors of enzymes in ihe shikimate pathway which provides an improved, 
novel method to treat this infection. Use of synergistic combinations provide an 
improved strategy for the development of new medicines for the treatment of disease 
5 and eradication of the parasite. 
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Example 6: Effects of Inhibitors In Vivo 

Candidate inhibitors are administered to animals by daily intraperitoneal 
injection or by addition to the drinking water. To inhibit EPSP synthase, in vivo. 
NPMG is administered at a dose of lOOmg/kg/day. 

5 a) Survival : Five hundred tachyzoites of the RH strain are administered 

intraperitoneal to BALB/c mice. Cumulative mortality is followed in groups of mice 
given inhibitor compared to untreated controls. 

b) Formation of Cysts : C3H/HeJ mice that have been infected perorally 
with the Me49 strain of T. gondii for 30 days are treated with the inhibitor foV 30 days. 

10 Cyst burden and pathology in the brains of inhibitor-treated and control mice are 

compared using methods described previously (Roberts, Cruickshank and Alexander, 
1995; Brown era/.. 1995; McLeod, Cohen, Estes, 1984; McLeod cl a/., I9SS). Cyst 
numbers present in a suspension of brain are enumerated, or cyst numbers in formalin 
fixed paraffin embedded sections are quantitated. 

1 5 c ) Persistence ofCvsts : C3H/HeJ mice are infected orally with 1 00 cysts 

of T. gondii (Me49 strain). Inhibitors are administered to groups of mice from day 30 
post infection to day 50 post infection. Cyst burden, mortality and pathology are 
compared in treated and control mice on days 30 and 50 post infection and in mice that 
receive antibody to gamma interferon which leads to rccmdesccncc of disease. 

20 d) Svnergv : If marked synergistic effect is demonstrated in vitro by 

showing thai the subinhibitory concentrations used together exen an effect greater than 
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the additive effects of each used separately, for any combinations, their effect alone and 
together in vivo is compared. 

e). New Assays Which Determine the Effects or Antimicrobial A gents on 

r. gondii W vo 

5 Previously reported assay systems measure protection against death following 

intraperitoneal infection if an animal is infected with the virulent RH strain off. gondii. 
Novel aspects of the assay systems in the present invention are using the Me49 (AIDS 
repository) strain off. gondii to determine the effect on brainxyst number following 
acute peroral infection by an Apicomplexan parasite, the effect on the established 

10 number of brain cysts during subacute/chronic infection, and use of the Me49 and RH 
strains to demonstrate synergy of inhibitors of plant-like pathways of the present 
invention which are "in series." and a novel system to demonstrate reduction of 
"piaraiir^'^ ln'lhis ■ — 

competitive PCR method the 7". gondii B I gene is amplified by PCR in the presence of 

1 5 a construct which produces a product slightly smaller than the wild type B I gene. The 
amount of construct can be quantitated to semiquantitate the amount of the competing 
wild type gene. For example, presence of a greater amount of the wild type gene will 
result in lesser use of the competitor. 

0. Effect of Antimicrobial Agents on Apicomnlexa n Parasites /// I'ivo 

20 A demonstration of the effect of inhibitors of plant-like metabolic pathways 

m vm> is the synergistic effect of NPMG and low dosage pyrimethamine NPMG is an 
inhibitor of infection and promotes surv ival of mice infected uiih the virulent III I strain 
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of 7". gondii when utilized in conjunction with a low dose of pyrimethamine, whereas 
neither low dosage pyrimethamine nor NPMG alone are protective. Sulfadiazine 
reduced manifestations of infection in vivo. SHAM affects parasitemia and number of 
brain cysts. 

5 FIG. 8 demonstrates the ability of NPMG and pyrimethamine administered in 

combination to protect mice from an otherwise lethal challenge with the virulent RH 
strain of T. gondii. Mice were infected intraperitoneally with 500 tachyzoites and left 
untreated (control) or treated by the addition of pyrimethamine (PYR) r NPMG 
(NPMG) or both pyrimethamine and NPMG (PYR/NPMG) to their drinking water. 

10 Percent surv ival is marked on the Y-axis and days post infection on the X-axis. 

Untreated mice and those treated with either pyrimethamine or NPMG died between 
day 7 and 9 post infection. In contrast 66 percent of mice treated with pyrimethamine 
and NPMG survived until day 9 post infection and 33 percent survived until the 
conclusion of the treatment (day 30 post infection). AJter the withdrawal of treatmem. 

15 all of these mice survived until the conclusion of the experiment (day 60 post infection >. 
Example 7: Presence of an Enzvmc in a Specific Life Cvclc Stage Predicts 

Efficacy of Inhibitors of the Enzvmc on this Stage of the Parasite 
The e(Yect of candidate inhibitors on different life cycle stages and their effect 
on stage conversion is of considerable interest and clinical importance. The bradyzone 

20 form of T. ynndii was studied by electron microscopy and was found to have a plastic 
huraparasite immunolocalization of lite enzymes is also performed. Gabaculine treated 
cultures are stained with antibodies to tachyzoites and bradyzoilcs. Tachyzoites ol \\x 
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RH strain are grown in the peritoneum of ND4 mice for 3 days. Tacliyzoites are 
harvested in saline (0.9%) from the peritoneal cavity of euthanized mice and purified by 
filtration through a 3nm filter. Bradyzoites are isolated as described herein in the 
Material and Methods. The tachyzoitcs are pelleted by ccntrifugation and the pellet is 
5 fixed in 2. 5% glutaraldehyde. Cysts and bradyzoites are purified from the brains of 
C57BL10/ScSn mice as described herein in the Materials and Methods and then fixed in 
2.5% glutaraldehyde. 

Immunoelectronmicroscopy is as described by Sibley and Krahenbuhl (1988) 
using gold particles of different sizes with antibodies to the enzymes to identify the 
1 0 enzyme localization in different organelles which are identified morphologically. 

Immunoelectronmicroscopy localization is accomplished with Amersham Immunogold 
kit and cryosectioning using standard techniques in the electronmicroscopy facility at 
~~ " ~~" n^UnTvVrsTu r orCfiicigo'6Faf OHoTd URivlFiit^OxfoTd: England. Extracellular— 
organisms are studied as well as tacliyzoites and bradyzoites at intervals after invasion. 
1 5 Morphology of the parasites, their ultrastructure and the localization of the intracellular 
gold particles conjugated to the antibodies is characterized. Invasion is synchronized 
by placing tachyzoitcs and bradyzoites with PS 1 5 cells at 4°C. then placing cultures at 
37°C. Intervals to be studied arc before I. 5. and 10 minutes and 4 hours after 
invasion. 

:i) Immunostaining and immunoelectronmicroscopy using an antibody to soybean, 

or synechococciis. or barley GSAT indicate whether the enzyme is present or absent in 
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both the tachyzoite and bradyzoite life cycle stages and localizes the enzyme in the 
parasite. 

a) Immunostaining for tachvzoites and bradvzoites 
Immunostaining of tachyzoitcs and bradyzoites is evaluated with fluorescent 

5 microscopy. This is performed on cultures of fibroblasts in Labtech slides infected with 
tachyzoites (RH strain) or bradyzoites and permeabilized using triton, or saponin or 
methanol, as described by Weiss e(ai t 1992; Dubremete and Soete, 1996; Bohne eta/. 
(1996). Slides are stained. l r 2, 4, 6, and 8 days post infection with anti-BAG (Weiss 
etaL, 1992) and anti-SAGl (Mineoe/a/., 1993;McLeod etal., 1991; Roberts and 
10 McLeod, 1996). 

b) Antibodies 

Antibodies to the bradyzoile antigens (Weiss et aL, 1992; and Bohne et a/., 
1993) and monoclonal and polyclonal antibodies to SAGl (Kasper at a/. I9S3) as a 
marker for tachyzoite stage specific antigens are used for immunostaining of parasites 
15 to establish siage of the parasite. Transgenic parasites with bradyzoite genes with 
reporter genes are also useful for such studies. 

c) Inhibitors and Stage Switching 

The effect of inhibitors of conventional (KCN, Rotenone, Antimycin A or 
Myxothinzoli respiration and alternative respiration on inhibition of growth of 
20 tachyzoites and bradyzoites are compared using standard inhibition experiments in 
conjunction v.iih immunostaining techniques Tachyzoites use conventional and 
alternative pathways of respiration whereas the bradyzoite stage relics on alternative 
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respiration. Inhibitors of conventional respiration favor tachyzoite to bradyzoite 
switching whereas inhibitors of alternative respiration inhibit tachyzoite and bradyzoite 
stages. 

d) Svncrcv studies, eaba culinc treatment 

5 Synergy studies with gabaculine are of particular interest because heme is used 

in the conventional oxidase pathway. If there is synergy, iron influences stage switch- 
ing. For alternative oxidase, immunostaining for bradyzoites and tachyzoite antigens is 
performed using gabaculine treated and control cultures. This is especially informative 
concerning whether bradyzoites utilize alternative oxidases exclusively, because 
10 gabaculine treatment of cultures would limit use of conventional oxidases and thereby 

select bradyzoites. 

e) Western Blot Analysis, and ELlSAs to determine stage specific 

a c ... - exnression-of enzvmes -^TT , . . . — ~~ 

Bradyzoites and tachyzoites also are compared directly for the relative amounts 
1 5 of alternative oxidase, using northern blot analyses, enzyme assays of parasites, 

isolation of mRNA and RT-PCR, using a competitor construct as an internal standard, 
and by Western blotting and ELlSAs using antibodies to the enzymes (e.g., alternative 
oxidase). UDP-glucosc-starch glycosyl transferase, chorismatc synthase, isocitrate 
lyase. GSAT also arc studied in a similar manner. 
ZD Example S: Probing Atuconwlcxan DNA with Homologou s Plant-like Genes or 
Potentially Homologous Genes from Othe r Parasites 
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The presence of the gsa genes, alternative oxidase genes, EPSP synthase gene>. 
chorismate synthase genes, isocitrate lyase genes, and malaie synthase genes are 
identified by probing, and then sequenced. For example, the cDNA clone of soybean 
gsa is labeled for chcmiluminesccnt detection (ECL) or JJ P detection to identify 
5 homologous gsa sequences in T. gondii. Probes are used on a membrane containing 
the genomic DNA of T. gondii and soybean (positive control). When T. gondii genes 
are isolated, they are used to probe other Apicomplexan DNA. Thus, the gsa genes of 
Cryptosporidia, Eimeria, and Malaria are detected in the same manner as the T. gondii 
gsa. 

10 In addition. DNA probes complementary to Trypanosoma alternative oxidase 

DNA are used to probe the Apicomplexan DNA. The gene for T. gondii alternative 
oxidase is identified by screening T. gondii cDNA expression libraries using the 7D3 
monoclonal antibody or the tobacco alternative oxidase gene used as a probe and thus 
detecting the gene expressing the relevant protein. This gene is used to detect the 

1 5 alternative oxidase genes of other Apicomplexan parasites by Southern analysis and 
screening other Apicomplexan cDNA libraries. 

A nucleotide sequence generated from random sequencing of a 7'. gondii 
tachyzoitc cDNA library and placed in the Gcnbank database was found to encode a 
protein with . homology to tomato chorismate synthase. The EST was obtained, donee 

20 and the full length sequence of the /'. gondii chorismate synthase gene and deduced 
amino acid sequences were obtained (FIGS. 9 and 10). This provides evidence lor 
these plant-like pathways and information useful in preparing a probe to isolate and 
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scqucnce this full gene from other Apicomplcxan parasites as well. This gene was used 
as a probe and identified a chorismate synthase in Eimcria bovis DNA and 
Cryptosporidium parvum DNA. A P. falciparum EST has also been cloned and 
sequenced. Probes for gsa (soybean) alternative oxidase (soybean and tobacco), 

5 isocitrate lyase (cotton), UDP glucose starch glycosyl transferase (sweet corn), and 
acetohydroxy acid synthase (sweet corn) also are used to screen for clone, and 
sequence Apicomplexan genes. Large numbers of L gondii genes from tachyzoite and 
bradyzoite cDNA libraries are being sequenced and deposited in Genbank. Putative 
homologous genes encoding plant enzymes are used to compare with these sequences 

10 to determine whether they are identified in the libraries and if so to determine whether 
the enzymes are encoded in the nucleus or plastid. 

Example 9: Identification of Genes Encoding Enzymes of the Plant-Like 

^BioclicmicntPntliwavsJfi-Anicomnlcxnn „ _ , 

Genes are isolated from a cDN A library by hybridization using specific probes 
15 to genes known to encode enzymes in metabolic pathways of plants, (see Example 9). 
Genes are cloned by complementation from a T. gondii cDNA expression library using 
a scries of E. coli mutants that lack these enzymes and thus depend on the addition of 
exogenous additives for their optimal growth. Transformed bacteria arc used to isolate 
and sequence plasmid DNA and from those sequences, probes arc generated to 
20 determine whether other Apicomplexans have genes homologous to those in 7*. gondii 
I ) cDNA libraries A cDNA library v. as constructed by Stratagcne from 
mRNA isolated from /'. gnndu tachyzoitcs of the Mc-I l ) strain of 7*. gnndii using the 
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Uni-ZAP XR cDNA library system. The titer of the amplified library is 1-2 X 10 ,0 /m!. 
Other cDNA libraries also are utilized. 

The phagemids were excised with R40S or VCS-MI3 helper phage and 
transduced into XL I -Blue Cells. The plasmid DNA was purified using the Qiagcn 
5 maxiprep system. Other libraries, e.g., early Me49 bradyzoite. in vivo Me49 

bradyzoite, and Me49 tachyzoite libraries also are suitable, as are other tachyzoite and 
bradyzoite libraries prepared by Stratagenc 

2) Screening oflibrarv for genes . This is done in a standard manner using 
monoclonal or polyclonal antibodies or a radiolabeled gene probe. 
10 3) cDNA expression libraries are probed with DNA from the genomes of: 

a) Toxoplasma gondii; 

b) Plasmodium malariae; 

c) Cryptosporidium parvum: 

d) Eimeria. 

15 The existence of plant-like pathways is confirmed in members of the 

Apicomplexa by demonstrating the existence of genes encoding the enzymes required 
for the pathways. Genomic DNA is examined by Southern blot analysis for the 
presence of the sequences encoding enzymes required for specific algal or plant 
metabolic pathways. Genomic DNA is extracted from Apicomplexan parasites by 

20 proteinase K digestion and phenol extraction. DNA(S-IOfic) is digested with 

restriction enzymes, clectrophorcscd through l°o Agarose and transferred to a nylon 
membrane The ECL ( Amcrsham) random prime system is used for labeling of DNA 
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probes, hybridization and chcmiluminescence detection. Alternatively, the Boehringer 
Mannheim Random Prime DNA labeling kit is used to label the DNA with j2 P with 
unincorporated nucleotides removed using G-50 Sephadex Spin columns. Hybridiza- 
tion with the "P-labelcd probe is carried out in [IM NaCl, 20 tnM NaH 2 P04 pH 7.0, 
5 1% SDS, 40% formamide, 10% dextran sulfate, 5 mg/ml dry milk, 100 ug/ml salmon 
sperm DNA] at 37°C. Washes are optimized for maximum signal and minimum 
background. Probes are prepared from T. gondii cDNA clones obtained and 
characterized as described in Example 9. If lack of overall sequencexonservation limits 
ability to detect homology, highly conserved regions are useful. For example, two 

1 0 highly conserved regions of the gsa gene are useful to generate oligonucleotide probes 
(Matters*?/ al., 1995). 

4) PCR : An alternative approach for identifying genes encoding enzymes 

T ^^of the present inventiotvis by using PGRrwith primers selected on the basis of- 

homologies already demonstrated between plant protein sequences for the relevant 

1 5 gene. For example, for the gsa gene, polymerase chain reaction technology is used to 
amplify homologous sequences from a 7". gondii cDNA library or T. gondii genomic 
DNA using primers generated from two highly conserved regions of GSAT. The 
Netirospora crassa alternative oxidase gene has been isolated using degenerate primers 
designed from conserved regions in alternative oxidase sequences from plant species 

20 (Li at ci/., 1996). These primers are used to detect and clone the alternative oxidase 
gene from 7*. gondii. Candidate PCR products are cloned using the Invitrogcn TA 
cloning kit 
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5) Sequencing : DNA from candidate cDNA clones is extracted using the 
Promega Wizard Miniprep System. Clones of interest are purified in large scale using 
the Maxiprep Protocol (Qiagen) and are sequenced by modified Sanger method with an 
automated sequencer (ABl Automated Sequencer) by the University of Chicago Cancer 

5 Research Center DNA Sequencing Facility. 

6) Homoloev Search : to determine whether there is homology of isolated 
genes with other genes, e.g. gsas, sequences are compared against those in Genbank 
using the BLASTN (DNA -* DNA) and BLASTX (DNA Protein) programs. 

T. gondii sequence data is available in Genbank. Sequences for plasmodia also are 
10 available as are some isolated sequences for the other Apicomplexan parasites. 
T. gondii sequences are searched for homologies to the known plant genes gsa, 
glutamyl-tRNA reductase, isocitrate lyase, malate synthase, alternative oxidase. EPSP 
synthase, and chorismate lyase using the BLASTN (DNA-» DNA) and TBLASTN 
(Protein -> Conceptual Translation of DNA Sequence) programs. The conserved plant 
1 5 gene sequences for the shikimate pathway are those described by Kahn ct ai ( 1 977) 
and Maloy et ai H 980; 1982). Conserved plant gene sequences for comparison of 
homologies are outlined by Klee ct ai ( 19S7). Similar libraries and sequence data for 
Plasmodia al<o are compared for homologies in the same manner. 

7) Complementation : To isolate T. gondii genes or to demonstrate that a 
20 gene encodes a functional enzyme product, plasmids from the cDNA library detailed 
above, or modified constructs, arc used to complement li. colt mutant strains GE1376 
or Gill 377 (lumtj and RP523 (hemtt) from the Vale E coh uenctic stock center and 
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SASX4 1 B (licmAj from D. Soil. This strategy has been successful for cloning gsa 
genes from plants and algae (Avissar and Beale, 1990: Elliott et ai. 1990; Grimrn, 
1990; Sangwan and O'Brian, 1993). The hetnA gene encodes glutamate-tRNA 
reductase, an enzyme important in the C5-pathway for heme synthesis. JhehemB gene 
5 encodes ALA dehydratase, an enzyme common to both heme biosynthesis pathways 
that should be common to all organisms and is included as a positive control. Mutant 
bacteria are made competent to take up DNA with CaCI 2 treatment and are 
transformed with plasmids from the cDNA library. Briefly, chilled bacteria 
(O.D. 550nm -0.4-0.5) are centrifuged to a pellet and resuspended in ice-cold 

10 0. IM CaCl 2 and incubated for 30 minutes on ice. Following further centrifugation, the 
cells are resuspended in 0.1 M CaCI 2 , 15% glycerol and frozen at -80°C in 
transformation-ready aliquots. 0.2ml ice-thawed competent bacteria are incubated on 
— — ice for 30 minutes with approximately 50ng-plasmid DNA. Cells-are placed al43-C-for_ 
2.5 minutes and cooled on ice for 2 minutes. Following the addition of 0.8ml Luna 

1 5 Broth, cells are incubated at 37°C for 1 hour and 0. 1 ml is plated onto M9 minimal 
media plates. The M9 (Ausubel et at., 1 9S7) medium contains 0.2% glycerol as the 
carbon source, I mM MgS0 4 . 0.1 mM CaCl 2 . I mM IPTG, 0.2 mg/ml Ampicillin, and 
40 ug/ml threonine, leucine, and thiamine. Nonselective medium contains 25 ug/ml 5- 
aminoleviilinic acid (hcntL and hcmA) or 4 ug/ml hemin (hcmB), Alternatively, bacteria 

20 can take up DNA by clcctroporation. Chilled bacteria arc prepared by a repetition of 
centrifugation and resuspension. The cells arc washed in an equal volume of cold 
water, a '/: volume of cold water, a I 5 volume of cold 10% glycerol, and finally in a 
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1/500 volume of cold 10% glycerol and frozen in 0.04 ml aliquots at -80°C Cells arc 
thawed at room temperature and chilled on ice. Cells are mixed with the DNA for 
0.5-1 minutes and then pulsed at 25uF and 2.5 KV. The cells are rapidly mixed with 
SOC medium and grown at 37°C for I hour. Cells are plated in the same way as for 

5 CaCU transformation. 

Successful complementation of the E coli mutants with a T. gondii gene is 
determined by plating the transformed bacteria onto minimal medium which lacks the 
supplement required for optimal growth of the £. coli mutant. Growth on the selective 
medium is compared to growth on nonselective medium, which contains 25 :g/ml 

10 5-aminolevulinic acid {hemL or hcmA) or 4 ug/ml hemin (hemB). Clones that 

complement each £ coli mutant are tested for their ability to complement each of the 
other mutants. Clones of putative T. gondii gsa and glutamate-tRNA reductase should 
complement only hemL and hetnA mutants, respectively. Clones that suppress more 
than one hem mutation are candidates for alternative oxidase gene clones. 

1 5 A cDN A clone containing the entire soybean gsa gene was able to transform the 

£. coli hemL mutant from auxotrophic to prototrophic for 5-aminolevulinic acid 
(ALA). Thus the system for obtaining T. gondii genes that complement E. coli mutants 
is available 

For the glyoxylatc cycle the mutznts used for complementation arc as follows 
20 DV2I AO I taccA which lacks isocitrate lyase) and DV2I AOS (aceli which lacks 
malatc synthase) 
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For the shikimate pathway the mutants for complementation are available and 
used as follows: E. coli, AroA and yeast AR. 

The same procedures are used for Plasmodium falciparum and Plasmodium 
hiowlesii, Cryptosporidium and Eimeria complementation. When transit sequences 
5 lead to production of a protein which does not fold in such a manner that the protein 
can be expressed in £. coli or yeast constructs that lack these sequences are prepared to 
use for complementation that lack these sequences. 
Example 10: Analysis of Alternative Oxidases in T. gondii 

T. gondii bradyzoites use unique alternative oxidases. Alternative oxidases are 
10 necessary and sufficient for bradyzoite survival. Methods to characterize plant 
alternative oxidases are as described (Hill, 1976; Kumar and Soil, 1992; Lambers, 
1994; Li el aL 1996, Mcintosh, 1994). 

— — For />/M7/ro-studiesrcell lines that-lack-fijnctional- mitochondria are used. -These- 

cell lines are used to allow the study of inhibitors effective against the conventional or 
15 alternative respiratory pathways within the parasite, but independent from their effects 
on the host cell mitochondria. SHAM, an inhibitor of the alternative respiratory 
pathway is used at concentrations between 0.25 and 2 ug/ml in vitro, and 200 
mg/kg/day orally or parcnteraliy in vivo alone or in conjunction with other inhibitory 
compounds. Other approaches include complementation of alternative oxidasc- 
20 deficient 1:1. cnlt mutants to isolate and sequence the alternative oxidase gene, 

imimmoslaining using antibodies for potentially homologous enzymes, enzymatic assay 
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and the creation of mutant-knockouts for the alternative oxidase gene and studying 
stage specific antigens in such knockouts. 

1) Cell lines : Two cell lines, a human fibroblast cell line (I43B/206) 
lacking mitochondrial DNA, and the parental strain (143B) which possess functional 

5 mitochondria are used. These cell lines have been demonstrated to support the growth 
of T. gondii (Tomavo and Boothroyd, 1995). 

2) Inhibitor studies : Inhibitor studies are carried out as described herein. 
SHAM concentrations are 0.25 to 2 mg/ml hi vitro and 200 mg/kg/day in vivo; 

3) Immunostainine for tachvzoite and bradvzoites : Immunostaining is 
10 performed on cultures of fibroblasts in Labtech slides infected with tachyzoites (RH 

strain) as described herein. Slides are stained 1, 2, 4, 6 and 8 days post infection with 
anti-BAG and antiSAGI. 

4) RT-PCR is as performed using the protocol of Hill (Chaudhuri et al. v 
1996) with degenerate primers based on consensus sequences. The product is cloned. 

15 sequenced and homology with known alternative oxidases documents its presence. 

5) Complementation and alternative oxidase gene cloning : 
Complementation is used to demonstrate function and is an alternative approach to 
isolate the gene. Proper function of the complementation system is demonstrated by 
using complementation with a plant alternative oxidase gene. Mutants suitable for use 

20 arc licmL. hauA. hctnB. The alternative oxidase gene. AOX. is cloned from a 7*. gondii 
cDNA expre>>ion library by complementation of the /:. colt haul, mutant. Hani. 
mutants of/., ctth cannot synthesize heme and arc therefore deficient in respiration. 
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This cloning strategy lias been successful in isolating AOX genes from Arahidopsis 
(Kumar and Soli, 1992). The procedure employed for recovering transformants is 
identical to that used for cloning the T. gondii gsa gene. The distinction between the 
gsa and AOX genes is that the AOX gene should restore function not only to hcmL 
5 mutants but also to other hem mutants of £ colt. In addition, respiratory growth of E. 
colt on the alternative oxidase should be antimycin-insensitive and SHAM-sensitive. 
Clones recovered are tested for complementation of hemL, hemB and hemA mutants. 
Growth is tested for inhibitor sensitivity. Sequences of cDNA clones that provide 
functional alternative oxidase activity by these tests are compared with known AOX 
10 gene sequences (Mcintosh, 1994). 

The Escherichia coli strain XL 1 -Blue was prepared for infection with the 
7*. gondii phage library according to Stratagene manufacturer's protocol. The RH 

^_ tachyzoiteJibra^Jn. the X-ZAP vector syst em was t itred. and 10 6 qfu are added to the 

XL I -Blue preparation. Approximately 6 X 10 5 plaques are plated on agar onto 
15 150 mm 2 petri dishes containing NZY medium, and grown at 42°C for 3.5 or S hours, 
depending upon which screening method is employed. If antibodies are used for 
screening. IPTG-soaked nitrocellulose filters are placed on the plates after the short 
incubation period, and the growth of the plaques is allowed to proceed for an 
equivalent period of time. Filters are blocked in BLOTTO overnight. Screening is 
:•> carried out under the same conditions which had been optimized during Western 

blotting with that primary antibody, and the appropriate secondary antibody If DNA 
probes arc used for screening, the plaques are grown for 8 hmirs post -infection, and 
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placed at 45 C C lor 2 hours to overnight. Nitrocellulose filters are placed on the plates, 
and all subsequent steps for lysis and fixing of the DNA are as specified in the 
Stratagene protocol. Filters are placed into a pre-hybridization solution containing 
Dcnhardts, SSC. SDS, and denatured salmon sperm DNA, as directed in Ausubcl etal. 
5 (1987). Blots are hybridized to ,2 P-labeled probe overnight. Low stringency washes, 
containing 5X SSC and 0. 1% SDS are performed twice at room temperature, and high 
stringency washes with 0.2X SSC and 0.1% SDS are performed at a temperature 
dependent upon the degree of homology between the probe and the T. gondii DN A. 

6) Assays for the presence of genes : Evidence for the presence of the 

1 0 genes which encode the novel enzymes is obtained by demonstrating enzyme activity 
and/or Western blot analysis of Apicomplexan whole cell lysates and/or polymerase 
chain reaction and/or probing the genomic DNA of the parasite with the homologous 
DNA. Identification of the genes is accomplished by screening an Apicomplexan 
cDNA library with the antibody to homologous enzymes from plants or other 

1 5 microorganisms or probes which recognize the genes which encode them and/or 
complementation of mutant bacteria lacking the enzyme with Apicomplexan DNA. 

7) Mutant-Knockouts : The alternative mitochondrial oxidase pathway is 
the preferred oxidative pathway for bradyzoites and is likely to be important for their 
survival. The genetic system used to examine the function of the gene via targeted 

20 gene knock-outs and allelic replacements essentially as described (Donald & Roos, 

I W. IW4, The alternative oxidr^e is not absolutely required for growth when 

cytochrome oxidase can be active and mutants are recoverable. The AOX-mili strains 
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may be hypersensitive lo GSAT inhibitors, both in vitro and /// vivo. The ability of the 
AOX-nuIl strains to switch stages, both in vitro and in vivo is determined. The AOX- 
null strains are examined for stage specific antigens. Virulence and ability to form cysts 
are assessed in vivo in C3H/HeJ mice as described herein. 
5 Knockouts with a bradyzoite antigen reporter gene are produced and these 

constructs and organisms with the genes knocked out are cultured under conditions 
that would ordinarily yield a bradyzoite phenotype. These are used to determine, 
whether expression of the "knocked out" gene is critical for bradyzoite antigen 
expression and the bradyzoite phenotype. 
10 8) Similar "knockouts" of EPSP synthase or chorism ate synthase are 

produced . 

9) Similar procedures are used for other Aoicomplexan parasites . For 

r^---.examplera-sinular.-genetic-system is available for falciparum, 

Example 1 1: Production. Testing, and Use of Vaccines against An icomnlcxa 
15 "Knock out" organisms {e.g., lacking GSAT, or alternative oxidase or EPSP- 

synthase or chorismate synthase or UDP-glucose starch glycosyl transferase) are 
produced as described herein. The knock-out vaccine strain in some cases is cultivated 
in tissue culture because components which are deficient are provided by a single 
product or a plurality of products. DNA constructs and proteins are produced and 
20 tested as described herein (see Materials and Methods) using unique genes and 

sequences an: assay systems and methods which arc known to those of skill in the an 
and disclosed herein. Briefly, they arc used to immunize C3H mice, and tissues ot 
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immunized and control mice arc subsequently examined for persistence of parasites. 
These immunized mice and controls are challenged perorally with 100 cysts of Me49 
strain or intraperitoneal^ with 500 RH strain tachyzoites. Effect of immunizations on 
survival, and tissue parasite burden are determined (McLeod ct ai. f 1 988). Parasite 
5 burden refers to quantitation of numbers of parasites using PCR for the B 1 T, gondii 
gene, quantitating numbers of cysts in brain tissue, quantitating numbers of parasites by 
inoculating serial dilutions of tissues into uninfected mice when the RH strain of 
T. gondii is utilized and assessing survival of recipient mice as I parasite of the RH 
strain of 7". gondii is lethal. Ability to prevent congenital transmission and to treat 
10 congenital infections is also a measure of vaccine efficacy. Vaccines are useful to 
prevent infections of livestock animals and humans. Standard methods of vaccine 
development are used when substantial prevention of infection is achieved in murine 
models. 

Example 12: Nucleotide and Deduced Amino Acid Sequence of T. pondii 

15 Chorismntc Synthase cDNA 

Animals and most protista {e.g. Lcishmania) rely exclusively on exogenous 
folates. Previous studies which demonstrate the efficacy of anti-folates for the 
treatment of toxoplasmosis have implied that 7*. gondii has the enzymes necessary to 
synthesize folates. For this purpose. T. gondii uses PAB A. The biochemical events 

I-} that lead to PABA production in T. gondii or any other Apicomplexan have not been 
previously characterized. In algae, plants, certain bacteria and fungi, the shikimatc 
pathway facilitates the conversion of shikimatc to chorismate. a three step reaction 
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catalyzed by ihree enzymes, shikimate kinase, 3-phospho-5-enolpyr\jvyl shikimate 
synthase (EPSP synthase) and chorismate synthase. Chorismate is then used as a 
substrate for the synthesis of PABA. In plants, EPSP-synthase and chorismate synthase 
are encoded in the nucleus. In plants, algae and bacteria, chorismate is not only an 
5 essential substrate for the synthesis of folate, but it is required for the synthesis of 
ubiquinone and certain aromatic amino acids. The shikimate pathway may occur both 
inside and outside of the plastid: For example, EPSP synthase exists in . two forms in* 
Euglcna, one associated with the plastid of those grown in the light and the other found 
in the cytosol of those grown in the dark. 

10 Apicomplexan parasites utilize the shikimate pathway for folate synthesis. An 

inhibitor of the EPSP synthase, an essential enzyme in this pathway, restricts the growth 
of T. gondii. P. falciparum and C. parvtttn in vitro. This inhibitor, NPMG, synergizes 

— — with pyrimethamine and sulfadiazine to prevent r. yci//J//-muItiplication.*-I^PMG-also ; — 
synergizes with pyrimethamine to protect mice against challenge with the virulent RH 

1 5 strain of T. gondii. The sequence of a T. gondii gene that encodes a putative 

chorismate synthase, that has considerable homology with chorismate synthases from 
other organisms, provides information useful in developing novel antimicrobial agents. 

A panial cDNA sequence of approximately 250 bases was identified from the 
"Toxoplasma EST Project at Washington University." This sequence, when translated. 

20 had approximately 30% homology with chorismate synthase from a number of 

organisms Both strands of the corresponding clone were sequenced and found to be 
23 12 bases ir; length (PIG. 9). Analysis revealed a large open reading frame of 1608 
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base pairs which would encode a 536 amino acid protein. Homology was determined 
by the use of CLUSTAL X, a computer program that provides a new window base user 
interface to the CLUSTAL W multiple alignment program. (Thompson, 1994). The 
deduced amino acid sequence has considerable identity (44.5 to 51.4%) with 
5 chorismate synthases of diverse species (FIG. 10). The putative T. gondii protein 
differs from other known chorismate synthases in length. Chorismate synthases from 
other organisms range in length from 357-432 amino acids. The larger size of the 
T. gondii protein is due to an internal region that has no counterpart in other known 
chorismate synthases and is novel. The function of this region remains to be-" 

10 determined. The Z gondii chorismate synthase sequence was used in a search with the 
BLAST program. An EST from a Plasmodium falciparum cDNA library was located 
that has considerable homology with the T. gondii sequence. Chorismate synthase is 
also present in Mycobacterium tuberculosis. 

The nucleotide sequence of the cDNA which encodes a putative T. gondii 

15 chorismate synthase and the amino acid sequence deduced from it is shown in FIG. 9. 
The deduced amino acid sequence of putative T. gondii chorismate synthase has 
substantial homologies with chorismate synthases from diverse organisms including 
Solatium lya/sper.sicum (tomato), Synechocystis species. Hemophilus influenza. 
Saccharomyces cerevisiae. and Neurospora crassa. (FIG. 10). 

20 The Apicomplexan data base in Genbank was searched Tor homologies to the 

7*. gondii chorismate synthase gene. A homologous P. falciparum EST (FIG. 1 1 ) was 
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identified. It was sequenced. This provided additional evidence that at least a 
component of the shikimate pathway also was present in P. falciparum. 
Sequencing Method 

Characterization of Insert and Design of Sequencing Strategy, 
5 Clone TgESTzyl lcGS.rl was obtained from the Toxoplasma project at 

Washington University and supplied in the Bluescript SK vector as a phage stock. 
Phagemid DNA was excised by simultaneously infecting XL I -Blue cells with the phage 
stock and YCS-Ml 3 helper phage.. Purified phagemids.were used to infect XLl-blue 
cells. Infected XLI-Blue cells were grown in LB media and plasmid DNA purified 

1 0 using Qiagen maxi-prep kits. The cDNA insert was excised using EcoR 1 and Xho I 
restriction enzymes and found to be approximately 2.4KB. Initial sequencing of the 5 
prime end of the insert's plus strand and its translation, revealed 30% homology with 

r —previously described-chorismate-synthases from other organisms 

of the 5 prime end of the minus strand yielded a sequence that when translated had little 

1 5 apparent homology with any known protein. A series of restriction digestion 

experiments were performed to establish a restriction map of the insert. Restriction 
fragments were electrophoresed through a 1% agarose gel and fragments visualized by 
cthidium bromide staining and ultra-violet illumination. Due to the lack of available 
restriction enzyme sites within the insert, sequencing with the conventional technique of 

20 using sub-cloned. overlapping restriction fragments as templates would prove to be 
laborious and time consuming. To circumvent this potential problem and facilitate 
rapid sequencing, a strategy was designed that used both conventional sub-cloned 
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ovcrlapping restriction fragments with standard vector annealing primers and the full 
length clone with custom designed primers. Thus, sequencing was first carried out by 
using sub-cloned restriction fragments and the information obtained used to custom 
design unique sequencing primers. These primers allowed efficient sequencing of the 
5 internal regions and the external 3 prime end of each strand. The customized primers 
were: 



CUSTOMIZED PRIMERS : 





CS1 


5' 


TGT CCA AGA TGT TCA GCC.T 3* 




CS2 


5' 


AGG CTG ATC ATC TTG GAC A 3' 


10 


CS2 


5* 


TCG GGT CTG GTT GAT TTT 3 ' 




CS4 


5' 


GAG AGA GCG TCG TGT TCA T 3' 




CS5 


5' 


ATG AAC ACG ACG CTC TCT C 3' 




CS6 


5' 


CAT GTC GAG A\G TTG TTC 3* 




CS7 


5' 


GAA. CAA CTT CTC GAC ATG 3' 


15 


CSS 


5' 


ACT TGT GCA TAC GGG GTA C 3' 




CS9 


5' 


GTA CCC CGT ATG CAC AAG T 3* 




CS10 


5" 


TGA ATG CAA CTG AAC TGC 3' 




CSII 


5' 


GCA GTT CAG TTG CAT TCA 3 ' 




CS12 


5* 


AGC CGT TGG GTG TAT AAT C 3' 


20 


CSI3 


5' 


CTA CGG CAC CAG CTT CAC 3* 




CSN 


5 


' CGT CCT TCC TCA ACA CAG TG 3 




CSI5 


y 


GTG AAG CTG GTG CCG TAG 3' 
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CS16 5* CGC CTC TGA TTT GGA AGT G 3* 
CSI7 5'TCTGCCGCATTCCACTAG3' 
CS18 5' GAA GCC AAG CAG TTC AGT T 3' 

Sub-cloning 

Sub-clones were made from restriction fragments isolated by agarose gel 
electrophoresis and purified using the Qiaexgei extraction kit Qiagen, Chatsworth CA. 
Double digestions of the plasmid.with Hinc II and Pst I resulted in 4 fragments of 500; 
800, 300 and 4000 base pairs. The 800 bp fragment, corresponding to the base pairs 
800-1600 was ligated into the bluescript KS vector. The 1600-2400 base pair portion 
of the insert was obtained in a similar manner using Pst I and Xho 1 restriction enzymes 
and ligated inio the bluescript KS vector. Ligations were performed for 12 hours at I S 

- dcgrees centicrade-on^a PTG-IOOrprogrammable thermal cycler, MJ Research Inc. 

Watertown. Massachusetts. Plasmids containing the restriction fragments were used to 
transform DH: a competent cells. Plasmid DNA was purified using Qiagen maxi-prep 
kits. 

Primer Sequence Design 

Prime:; were designed based on the sequencing information obtained from^ 
restriction er.z;.me fragments. To facilitate sequencing of a region on the same strand 
and 5 prime t : an already sequenced portion of insert, primers were designed from an 
area approxhr.r.ely 200-300 nucleotides 5 prime into the last obtained sequence. For 
sequencing n: :i:e complementary strand, primers were designed to bo the complement 
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and reverse of the same region. Primers were designed to be 1 8-25 nucleotides in 
length and have a Tm of 55-60 degrees centigrade. G plus C content was 45-55 
percent. Primers were designed to have minimal self annealing and to have a low 
propensity for primer to primer annealing. Primers with the ability to form stable 
5 secondary structures were not designed. These criteria for the design of primers were 
based on theoretical considerations and results of other experiments which found that 
primers which had Tms of much less than 55 degrees centigrade failed to work or 
performed poorly, producing ambiguous sequences of low. quality. 
Sequencing and Assembly of Sequence Information 

10 All sequencing was performed using a Perkin Elmer automated sequencer. The 

three purified plasmids containing the entire cDNA or a restriction fragment were used 
as templates for sequencing reactions with the standard Ml 3 and reverse primers. The 
sequences obtained were used to design primers which allowed sequencing of the 
internal regions of the inserts. This process was repeated until both strands of the 

1 5 entire clone were sequenced. Chromatograms were critically edited and controlled for 
quality using Sequencher software. Edited chromatograms of excellent quality were 
assembled with the same software package and a consensus sequence obtained. The 
consensus sequence was analyzed for open reading frames using Macvector software 
package. Kodak International Biotechnology, Inc.. New Haven, CT. 

20 Example 13: Transit Sequence of T. umulii Qmmnintc S ynthase 

Homology with other peptides was sought using the Gcnbank database and the 
unique sequence in the 7*. gondii chorismatc synthase (amino acids 284 to 435, 



BNSDOCID: <WO 00681MA2J_> 




PCT/US00/11478 



Figure 1 O There was thirty percent identity and forty-five percent homology, with a 
number of conserved motifs, between this unique sequence of T. gondii chorismate 
synthase and the amyloplast/chioroplast transit (translocation) sequence of the Waxy 
protein (UDP-glucose starch glycosyl transferase) of Zea mays (sweet corn). The 
5 same methods whereby the lea mays transit sequence was analyzed (Klosgen and 
Well, 1991), i.e., construction of the transit sequence with a reporter protein, 
immunolocalization of the protein, creation of the construct with deletions or 
mutations of the transit sequence.and. subcellular immunolocalization using 

* * 

immunoelectronmicroscopy are useful for proving that this is a transit sequence in the 
10 T. gondii chorismate synthase. A useful reporter protein for a chimeric construct is P 
glucoronidase of £ co!i % expressed under the control of the 355 promoter of 
cauliflower mosaic virus. The P glucoronidase alone is expressed, in parallel. The 

= transit-peptide-chimeric-constmcbis-found-in-therplastid^TJie-control P~glucoronidase. x _ 

is found in the cytoplasm. Another useful reporter system is green fluorescent protein 
1 5 (gfp). Antibodies to the chorismate synthase protein are also used to detect the 

presence of the product of the gene (with the transit sequence) in the plastid and the 
product of a construct in which the transit sequence is not present in the cytoplasm 
only. This is used to immunolocalize proteins in different lire-cycle stages. Further 
mutations ar.d deletions arc made which identify the minimal transit sequence using the 
Z • same techniques as described above for the entire peptide. Antiscnsc, ribozymc or 
intracellular aniibodics directed against the transit sequence nucleic acid or translated 
protein are ireful as medicines. The amino acid or nucleic acid which encodes the 
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transit sequence arc the bases for diagnostic reagents and vaccine development. This 
transit sequence is useful for the construction of ribozyme, antisense nucleic acids, 
intracellular antibodies which target a key parasite protein, and creation of constructs 
with accompanying molecules which are lethal to the parasites (Roush, 1997; Mahal 
5 et ai t 1997). This transit sequence also is useful because it provides a general 

extension of the concept of transit and targeting sequences in Apicomplexan parasites 
that enable targeting of other parasite. organelles in addition to plastids:. The transit 
sequence of lea mays, and: 71 gondii, are.shown in Figure :l 1 . 

Example N. Nucleotide nnd Deduced Amino Acid Sequences of P. falciparum 
10 Chorismntc Synthase EST. 

Sequencing of P. falciparum chorismate synthase EST followed the same 

pattern as described above for sequencing the T. gondii chorismate synthase gene with 

the following exceptions: There was difficulty in obtaining sequence from the 3* region 

of the cDNA due to an unstable polyA tail. This made it necessary to do all sequencing 
15 approaching from the 5' end using gene walking techniques and subcloning of 

restriction fragments. The AT richness of P. falciparum genes increased the 

complexity of design of the customized primers. The customized primers utilized were: 

PFCS I AGC TAT TGG GTG GATC 

PFCS2 TCC ATG TCC TGG TCT AGG 
20 PFCS3 ATA AAA ACA CAT TGA CTA TTC CTT C 

PFCS4 GGG GAT TTT TAT ITT CCA ATT CTT TG 

PFCS5 IT (j A AT CGI* TGA ATG ATA AGA C 
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PFCS6 TTT TAG ATC AGC AAT CAA ACC 
PFCS7 AAC TTT TTA TCT CCA TAC TTT G 
PFCS8 GAA GGA ATA GTC AAT GTG TTT TTA T 
PCFS9 GTA TTT TAC CAA GAT TAC CAC CC 
5 PFCS 1 0 CCC CCA AC A CTA TGT CG 
PFCS 1 1 CAG TGG GCA AAA TAA AGA 
PFCS 12 CCA GTG GGC AAA ATA A 
PFCS 1 3 GGA AGA GAA ACA GCC AC 
PFCS 1 4 TGC TGC TGG GGC GTG 

10 

The gene and deduced amino acid sequences are in Figure 12. 
Example 15: Southern Plotting Demonstrates Presence of Chorismate 

Svtuhnsc-faiid-bv-ln^ - 

in Anicomnlexnn Parasites 
1 5 Southern blotting using the T. gondii chorismate synthase gene as a ' 2 P labeled 

probe demonstrated homology at moderate stringency (e.g. 0.2 x SSC, 0.1% SDS at 
42°C) (more stringent conditions define greatest relatedness of genes J with Ehncria 
hovis and Cryptosporidium parvum DNA. 

This T. yondii cDNA also comprises a probe for screening cDNA libraries of all 
20 other Apicomplexa to identify their chorismate synthase gene> The same principles arc 
applicable to all the other enzymes in Table I 
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Example 16: Gene Expression. Recombinant Protein. Production of Antibody 
and Solving tbe T. pondii and P. falciparum Crystal Structures of 
chorismate synthase to establish their active site and secondary 
structure. 

5 These are done using standard techniques. The gene construct is placed within 

a competent £ colL Recombinant enzyme is identified by homologous antibody 
reactivity and purified using affinity chromatography. Fusion proteins are useful for. 
isolation of recombinant protein. Protein, is injected into rabbits and antibody specific 

"it 

to the protein is obtained and utilized to purify larger amounts of native protein for a 
10 crystal structure. The crystal structure provides information about enzyme active site 
and facilitates rational drug design (Craig and Eakin, 1997). Recombinant proteins are 
used for high through put screens to identify new antimicrobial agents. 
Example 17: Other Uses (e.g. in diagnostic reagents and vaccines) of the 

Chorismate Synthase Gene as a Representative Example of Uses of 
I 5 Each of the Genes and Enzvmcs in These Pathways That arc not 

Present or Rarclv Present in Animals. 
These uses include T. gondii genes and proteins used as diagnostic reagents and 
as a vaccine to protect against congenital infection. Recombinant protein (all or pan of 
the enzyme) ii produced and is used to elicit monoclonal antibodies in mice and 
20 polyclonal antibodies in rabbits. These antibodies and recombinant protein (c u . to 

T'Xnihlii chori?matc synthase) are used in ELISA (e.g. antibody to human luG or luM. 
or luA or attached to ELISA plate * scrum to be tested - antibody conjugated to 
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enzyme + enzyme substrate). The recombinant proteins, pooled human sera from 
known uninfected individuals (5 individual sera pooled) and infected individuals (5 
individuals with acute infection sera pooled, 5 individuals with chronic infection sera 
pooled) are the controls. This test is useful with scrum or scrum on filter paper. 
5 Another example of a diagnostic reagent are primers to amplify the target transit 

sequence or another portion of the chorismate synthase sequence unique to T. gondii. 
PCR with these primers is used with whole blood to detect presence of the parasite. 
Such assays have proven to be useful using the T. gondii B I gene (Kirisits y Mui, Mack, 
McLeod, 1996). 

10 Another example of a diagnostic reagent is useful.in outpatient settings such as 

an obstetrician's office or in underdeveloped areas of the world where malaria is 
prevalent. FABs of monoclonal antibodies (which agglutinate human red cells when 
ligatedHKemp; T9SS) are conjugated to antibodies to the target sequence~orselected ~~ 
enzyme. Antigen conjugated anti-red eel! Fab also is used to detect antibody to the 

1 5 component. A positive test occurs when the enzyme or antibody is circulating in the 
patient blood and is defined by agglutination of red cells (in peripheral blood from the 
patient) mixed with the conjugated antibodies. Controls are the same as those specified 
for the ELISA 

Examples of vaccines are protein, peptides. DNA encoding peptides or proteins 
20 These are administered alone or in conjunction with adjuvants, such ns 1SCOMS. 

These vaccine preparations are tested first in mice then primates then in clinical trials 
Endpotnis mc induction of protective immune responses, protection measured as 
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enhanced survival, reduced parasite burden, and absent or substantial reduction in 

incidence of congenital infection (McLeod et al., 1988). 

Example 18: T. gondii Chorismate Synthase Genomic Sequence 

Genomic clones are isolated from commercially available genomic libraries 
5 (AIDS repository) using the identified cDNA clones as probes in the screening process. 

The genomic library, as A. phage, is isolated onto NZY agar plates using XL 1 -Blue E. 

coli as the host, resulting in plaques following a 37 °C incubation. The cDNA sequence 

is radiolabeled with 32 P and hybridized to nylon membranes to which DNA from the 

plaques has been covalently bound. Plasmids from candidates are excised and their 
10 restriction enzyme-digested inserts sequenced. Experimental details are as described in 

Ausubel et al. (1987). 

Example 19: P. falciparum Chorismate Synthase Genomic Sequence. 

This is done with a gene specific subgenomic library as described in 
Example 18 (see example 41). 

1 5 Other examples of enzymes and the genes which encode them and which are 

characterized as outlined above include: glutamyl-tRNA-synthetase; glutamyl-tRNA 
reductase; prephenate dehydrogenase aromatic acid aminotransferase (aromatic 
transaminase); cyclohexadienyl dehydrogenase tryptophan synthase alpha subunit; 
tryptophan synthase beta subunit; tryptophan synthase beta subunit; indole-3 -glycerol 

20 phosphate synthase (anthranilateisomerase), (indoleglycerol phosphate synthase), 

anthranilate posphoribosyltransferase; anthranilate synthase component I; phosphobiosyl 
anthranilate isomerase anthranilate synthase component II; prephenate dehdryatase 
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(phenol 2-monooxygcnase) catechol 1,2-deoxygenase (phenol hydroxylase); 
cyclohexadienyl dehydratase; 4-hydroxybenzoate octaprenyltransferase; 3-oxtaprenyl- 
4-hydroxybenzoate carboxylyase dehydroquinate synthase (5-dehydroquinate 
hydrolase); chorismate synthase (5-enolpyruvylshikimate 3 -phosphate phosph-lyasc); 
5 dehydroquinate dehydratase; shikimate dehydrogenase; 3-deoxy-d-arabino- 

heptuloonate 7 phosphate synthase; chorismate mutase (7-phospho-2-dehydro-3- 
deoxy-arabino-heptulate aldolase); 3-deo\yrd-arabino-heptuloonate.7 phosphate 
synthase; shikimate 3 -phosphotransferase (shikimate kinase); UDP glucose starch, 
glycosyl transferase; Q enzymes; acetohydroxy acid synthase; chorismate synthase 
1 0 malate synthase, isocitrate lyase; 3 -enolpyruvyf shikimate phosphate synthase (3- 
phosphoshikimate- 1 carboxyvinyltransferase). 

Example 20: T. rondii Chorismate Synthase. EPSP Syntha se, and Shikimate 
— — Kinase Activiticrw^fTDemonstratcd " — 

Assay for chorismate synthase. EPSP synthase and shikimate kinase in T. 
i 5 gondii were performed and demonstrated such activity. 

Example 21: T. uandii Dehydroquinate Dehydratase Activity is Dem onstrated 

An assay for dehydroquinate dehydratase in 7". gondii was performed and 
demonstrated such activity. 

Example 22: GSAT activity is demonstrated in T. vumlii ta chvzoitc Ivsatcs 
10 An enzymatic assay (Sangwan and O'Brian, !9<?3) demonstrates GSAT 

activity in 7. ;jothftt lysates. The buffer contains 0. 1 M MOPS (3-fN- 
morpliolinojpropanosulfonicacid), pH 6 8. 0.3M glycerol. 15 mM MgClj, I mM 
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dithiothreitol. 20 ^iM pyridoxal phosphate. I mM PMSF (phenylmethylsulfonyl 
fluoride) The MOPS, glycerol and MgCl 2 are combined and then pH'd. This is 
important because the glycerol alters the pH, so it must be added first. This is filter 
sterilized and has a long shelf life. When the buffer is needed, DTT, pyridoxal 
5 phosphate and PMSF are added immediately prior to use. The protein extract stock 
should be -10 mg/ml if possible. The principle of the assay is conversion of substrate 
which produces a. change in color due to the reactant. 

Isocitrate lvn*e activity is demonstrated in T. gondii tnchvzoite 
Ivsates 

1 0 An enzymatic assay demonstrates isocitrate lyase activity in T. gondii isolates - 

prepared by disruption of the parasite membranes using french press or a lysis buffer. 
Demonstration that the lysis buffer does not alter enzyme activity is carried out by 
performing the assay with known substrate and enzyme in the lysis buffer and 
documenting presence of enzyme activity. 

15 Example 24: Alternative oxidase activi ty is demonstrated in T. gondii 
preparations . 

7: gondii tachyzoites and bradyzoites are assayed for alternative oxidase 
activity and such activity is found to be present in greater amounts in bradyzoites. 
Example 25: Novel Substrate Competitors and Transition State An alogues of 
20 Enzymes Inhibit Apicomnlcxan Enzvmcs 

Some inhibitors are competitive substrates or transition state analogues and 
ihcy arc utilized in the enzyme assay. /// vhm with tachyzoitc and bradyzoitc 
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preparations and with native enzyme, tissues culture assays and in in vivo models as 
described above. These provide a model paradigm for designing inhibitors of any of 
the enzymes specified above. Briefly, inhibitors are produced as follows: Competitive 
substrates are produced by designing and synthesizing compounds similar to known 
compounds but modified very slightly. For example, inhibitors related to glyphosate 
are known. The structures of glyphosate, sulfosate and the precursor for EPSP have 
similarities (please see below). Inhibitors are designed by modifying substrates in such 
a manner that the modification interferes with the enzyme active site. This can be 
performed using molecular modeling software. Similarly, halogenated substrates for 
other enzymes have functioned effectively as nontoxic inhibitors. The principles are 
applicable to the design of inhibitors for any of the unique enzymes with well 
characterized substrates and active sites. 

Th-e-approaches-to raiional design of-inhibitors include those. standa_rd_m_the an 

(Craig and Eakin. 1997; Ott el at., 1996). These methods use information about 
substrate preference and three-dimensional structure of the target enzyme (e.g.. 
chorismate synthase or EPSP synthase). 

In one approach, the structure of the target is modeled using the three- 
dimensional coordinates for amino acids in a related enzyme. An example of this is 
that the crystal structure of GSAT from a plant has been solved and its active site is 
known. 

In another part of this approach, expression of high levels of recombinant 
enzyme is p.oduced using cDNA (e.g.. the chorismate synthase of T. W °« 



WO 00/66154 




PCT/US00/I1478 



falciparum) and quantities of protein adequate for structural analysis, via either NMR 
or X-ray crystallography are obtained. 

Drug resistant mutants are produced /// vitro following mutation with 
nitrosoguanidine and culture with the inhibitor. The surviving organisms have acquired 

5 resistance to the inhibitor. This process is carried out either with the Apicomplexan 
parasite or with bacteria or yeast complemented with the gene encoding the enzyme or 
part of the gene (e.g., without the transit, sequence). PCR amplifies the. relevant cDNA 
and this cDNA encoding the resistant enzyme is cloned.and sequenced: The sequence 
is compared with that of the enzyme that is not resistant. With the information about 

10 the inhibitor target and three-dimensional structure, the point mutations which cause 
resistance are analyzed with computer graphic display. This information provides the 
mechanism for altered binding of the drug, and the inhibitory compound is then 
modified to produce second generation medicines designed to treat resistant pathogens 
prior to their development in nature. 

15 An example of the use of toxic analogues to kill parasites used by others 

provides a means whereby there is production of analogues toxic to parasites. 
Specifically, the purine analogue prodrugs. 6 sulfanylpurinol. 6 thioguanine, 6 
ihioxanthine and allopurinol interact with hypoxanthinc phosphoribosyltransferase 
which is responsible for salvage of purines used to produce AMP and GMP. Such 

20 toxic analogues are effective against the plant-like enzymes in ;he pathways (see 
Table 1 ) in Apicomplcxans. 
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Transit state analogues bind with extraordinarily high efficiency to the 
enzyme active site and are predicted from the three-dimensional structure and kinetic 
information. Analogues that mimic the structural properties and electrostatic surface 
potentials for the transition state arc designed and synthesized. Empirical testing using 
5 recombinant enzyme demonstrates that these transition state analogues are good leads 
with high affinity for the active site of the target enzyme. 

Multisubstrate analogues are useful because they markedly enhance the 
binding affinity to the enzyme. Similarly, if enzymes in a cascade are linked in such a 
manner that the substrate for one reaction provides the substrate for the next" reaction. 
10 multisubstrate analogues are more useful. 

Selective inhibitor design and lead refinement: Co-crystallization of 
inhibitors with target enzymes of host and pathogen enable three-dimensional analysis 
of Tnole^l arconstmc tywd'atomic interactions-between-inhibitors and enzymes and - _,- 



redesign of inhibitors (leads) to enhance their affinity for the pathogen enzyme. 

1 5 iterative crystallography, lead redesign and inhibitor testing in vitro and In vivo enable 
design and development of potent selective inhibitors of the target of the pathogen 
enzyme. Recombinant methods for screening large numbers of analogues for those 
that bind selectively to the enzymes of specific parasites provide justification for 
inclusion of the analogues which bind best in the design of transition-state or 

20 multisubstrate analogues. 

Additional examples (included to illustrate principles employed) but already patented 
by others include Inhibitor of KI'SP synthase have been designed based on the 



BNSOOCID: <WO 00881 S4A2J_> 



WO 00/66154 




PCT/US00/11478 



similarities of the inhibitor to the substrate. Based on molecular modeling algorithms 
additional inhibitors are designed. 

Phosphoenolpyruvate = CH 2 O 

I II 

s C-O-P 0° 

5 C6? V 

o o 

II / 

10 glyphosate « HO-C-CH 2 N-CHVP-OH 

H OH 

Inhibitors that effect components of these pathways are halogenated substrates or 
1 5 analogues which are effective competitors. 

Inhibitors of Ubiquinone: Modifications (substitutions) of benzhydroxamic acids 
produce CoQ (ubiquinone) analogues such as esters of 2. 3 and 3.4 dihydroxybenzoic 
acid and structurally related compounds. 

Inhibitor of Isolcucinc/vnline biosynthctic pathway: These are noncompetitive 
20 inhibitors as is shown by the lack of relatedness of the inhibitors (e. S ., imidazolines, 
sulfonylureas) to the target enzymes. 

Inhibitors ofGSAT 

The following acids (5 amino- 1.3 cyclohcndienyl carboxylic acid. 4 amino 5 
hcxynoic acid ( acetylcnic, GABA), 4 amino 5 hexonoic acid « vinyl GAB A) 2 amino 3 
25 butanoic acid (vinyl glycine). 2 amino 4 me«hoxy-.rans-3 butenoic acid. 4 amino 5 
,U,oropcntan«ic a.-id alter catalysis dependent formation of a Stable covalcn. adduc. 
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Inhibitors oriysinc biosynlhclic pathway: There are noncompelctive inhibitors of 
lysine synthesis that target enzymes in this patway (e.g.. azi DAP. 3. 4 didehydro DAP. 
4 methylene DAP4, 4 methylene DAP 6) and inhibitors of other plant-like enzymes as 
in the Table 1A and B. 

5 

P-^p,. MnHifWions 0 fln '»'»'"rv Comnonnds to Improve Qrnt 
Ah.nrntion Tiss " - niorihution facially to hrnin nnd eye). 
Tissue distribution is characterized using radiolabeled inhibitor administered to 
mice with its disposition to tissues measured by quantitation of radiolabel in tissues. 
10 Compounds are modif.ed to improve oral absorption and tissue distribution by standard 
methods. 

Example 27. rmr^rvnf Antim k mhiHiromnounrit Alone Toother nnd In 

— - — , - rnz ronioitiHnrcctions-iii M urine Models: . — _ 

Inhibitors of plant-like pathways are effective against the Apicomplexan 
infection alone, together with the bacterial and/or fungal infections and also treat the 
bacterial and fungal infections alone. 

Presence of inhibitory activity of new antimicrobial compounds is tesied using 
Apicomplcxans. bacteria and fungi in enzymatic assays, in vitro, and in w o assays as 
described above and known to those of skill in the an. 

Infections arc established in murine models and the influence of an inhibitor or 
combination of inhibitors on outcomes are determined as follows 



15 



20 
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Infections: Infections with Toxoplasma gondii. Pneumocystis carinii. Mycobacterium 
tuberculosis. Mycobacterium avium intracellular and Cryptosporidium parvum are 
established alone and together using an immunosuppressed rodent model. Endpoints 

in these infections are: 
5 Survival: Ability of an inhibitor to protect the infected animal is measured as 

prolonged survival relative to the survival of untreated animals. 

Parasitemia: Is a measure using isolation of mRNA and RT-PCR. A 
10 competitive inhibitor is used for quantitation. 

Ti«,, P Parasite Burden: Is determined by quantitating brain and eye. cyst 

numbers. 

Inflammatory Response: This is noted in histopathologic preparations. 
Representative combinations of inhibitors are NPMG and sulfadiazine. SHAM 
and atovaquone. NPMG and pyrimethamine, NPMG and SHAM. 
Example 2S. Fstablishing Efficncv. Safet y. Plinrmakokinetics. and 
Thernncntic/Toxic Index: 
20 The testing in murine models includes standard Thompson tests. Testing of 

antimicrobial agents for efTicacy and safety in primate models for malaria is performed 
Dosages are selected based on safety information available from data bases of 
information concerning herbicides and the literature. Measurements of serum and 
tissue levels of ant imicrobial compounds are performed using assays which detect 
25 inhibitor concentrations and concentrations of their metabolites Representative assays 
arc high performance liquid chromatography, and assaying tissues for percentage of 
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radiolabeled compounds administered, using liquid scintillation, and other assays also 
are used. 

Example 29. Determining whether ther e is Carcinogenicity and Teratogenicity: 
Standard assays to evaluate carcinogenicity and teratogenicity include 
5 administration of medicines as described above to rodents and observation of offspring 

for teratogenic effects and carcinogenicity (i.e. development of malignancies).. 

Observation includes general physical examination/autopsy and histopathologic studies 

which detect any teratogenic or carcinogenic effects of medicines. 

Example 30. Constructs to Measure Parasitemia: 
10 Portions of genes are deleted and the shorter gene is used as an internal 

standard in RT PCR assays to measure amount of parasites present (Kirisits, Mui, 

McLeod, 1996). 

- F?irriipir31^ Va'cctHc Constructs-and-Proteins-an d-Micii-Administration: _ 

These are prepared, as described. They include DNA constructs (Ulmer, 
1 5 Donnelly and Liu, 1996) with the appropriate gene or portions of the gene alone or 
together, with adjuvants. Representative adjuvants include 1SCOMS, 
nomonicsurfactam, vesicles, cytokine genes in the constructs and other commonly used 
adjuvants. Native and recombinant proteins also are used in studies of vaccines. 
Protection is measured using immunologic in vitro assays, and assessing enhanced 
20 survival, reduction of parasitemia tissue and parasite burden and prevention of 
congenital infection [McLcod ct aL I9SS] 
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Example 32: Stage-Specific Expres sion of Proteins 

This is evaluated by enzyme assays, northern or western analysis, ELISA, 
semi-quantitation of mRNA using RT-PCR with a competitor as internal standard in 
genc-knockout organisms using culture conditions (e.g. alkaline pH, increased 

5 temperature, nitric oxide exposure) which ordinarily elicit a bradyzoite phenotype. or 
engineering a reporter construct and characterizing presence of the reporter in stage 
specific expression of antigens. Ability to change between life cycle stages or to 
persist in a particular life cycle stage is affected by presence or absence of particular 
plant-like genes and by treatment of inhibitors with plant-like processes. Suitable 

1 0 examples of plant-like enzymes which make parasites less able to switch from or 
persist in a specific life cycle stage include: alternative oxidase, enzymes critical for 
amylopectin synthesis such as starch synthases. UDP glucose-glucosyl starch 
transferase and branching (Q) enzymes. 

Example 33. Preparation of Diagnostic Test Reagents and Diagnostic Tests: 
1 5 These assays are as described (Boyer and McLeod. 1996). Sensitivity and 

specificity are established as is standard in the field. Tests and reagents include 
ELlSAs in which antibodies to the proteins or peptides and recombinant proteins of 
this invention such as chorismate synthase {Awe) are used and PCR methodology in 
which primers to amplify DNA which encodes the enzymes, or parts of this DNA. are 
20 used. A test useful in an outpatient setting is based on conjugation of a monoclonal 
antibody to human red blood cells with antibody to plant-like peptides or proteins 
based on an assay described by Kemp ci al. (Kemp «.'/ <//.. I9SS). The red cells arc 
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cross linked via the monoclonal antibody moiety, resulting in agglutination of the red 
blood cells in the blood sample if the antigen or antibody to the parasite component is 
present in the blood sample. ELISA and PCR can be utilized with samples collected 
on filter paper as is standard in Newborn Screening Programs and also facilitates 

5 outpatient and field use. 

Example 34. Development and use of Antisensc Oligonu cleotides in Design nnd 
Use of Medicines to Protect Against Anicomplexnns: 
Ajuisense oligonucleotides directed against the nucleic acids which encode the 
enzymes of the essential parasite metabolic process described herein are effective 

10 medicines to treat these infections. Antisense oligonucleotides also are directed 

against transit sequences in the genes. Antisense oligonucleotides are short synthetic 
stretches of DNA and RNA designed to block the action of the specific genes 
described abovT. for exampOhWsmate > symMSSofTrg^fn'orP: falcipanmcby ~ 
binding to their RNA transcript. They turn oft* the genes by binding to stretches of 

1 5 their messenger RNA so that there is breakdown of the mRNA and no translation into 
protein. When possible, antisense do not contain cytosine nucleotides. Antisense 
reagents have been found to be active against neoplasms, inflammatory disease of the 
bowel (Crohn's Disease) and HIV in early trials Antisense will not contain cytosine 
nucleotides followed by guanines as this generates extreme immune responses (Roush. 

20 1997). Antisense oligonucleotides with sequence for thymidine kinase also is used for 
rcgulatable gone therapy 

Mxaiuptc 35. Uilmy.vmcs and Other Time Cnmnottmls :is Antimtcrnhnl Agnus: 
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Ribozymes arc RNA enzymes (Mack, McLeod, 1996) and they and toxic 
compounds such as ricins (Mahal et al. 1997) are conjugated to antisense 
oligonucleotides, or intracellular antibodies, and these constructs destroy the enzyme 
or other molecules. 

5 Example 36. Intracellular Antibodies to Target Essential Enzymes Proteins and 
Organelles: 

Intracellular antibodies are the Fab portions of monoclonal antibodies directed 
against the enzymes of this invention or portions of them (e.g., anti-transit sequence 
antibodies) which can be delivered either as proteins or as DNA constructs, a's 
1 0 described under vaccines. 

Example 37. Development of New Antimicrobial Compounds Cased on Lead 
Compounds: 

The herbicide inhibitors comprise lead compounds and are modified as is 
standard. Examples are where side chain modifications or substitutions of groups are 
1 5 made to make more active inhibitors (Table I). Their mode of action and structure as 
well as the enzyme and substrate structures are useful in designing related compounds 
which belter abrogate the function of the enzymes Examples of such substrate or 
active site targeting arc listed in Table I. 

Native or recombinant protein used in enzymatic assays and /// vitro assays 
20 described above are used to test activity of the designed newly synthesized 
compounds Subsequently, they arc tested in animals 

• .\ 



BNSOOCIO: <WO 00661 54A2J_> 



WO 00/4 



PCT/US00/11478 



-114- 



Examplc3S. Trials to Demonstrate Efficac y of Novel Antimicrobial Agents for 
Human Disease: 

Trials to demonstrate efficacy for human disease are performed when in vitro 
and murine and primate studies indicate highly likely efficacy and safety. They are 
5 standard Phase I (Safety). Phase II (small efficacy) and Phase III (larger efficacy with 
outcomes data) trials. For medicines effective against T. gondii tachyzoites, resolution 
of intracerebral Toxoplasma brain lesions in individuals with HIV infection with no 
other therapeutic options available due to major intolerance to available medicines is 
the initial strategy for Phase II trials. Endpoints for trials of medications effective 
1 0 against T. gondii bradyzoites include absence of development of toxoplasmic 

encephalitis in individuals with HIV. HIV infected patients who also are seropositive 
for T. gondii infection are evaluated. Evaluation is following a one-month treatment 

" ~ with tlWn^IiTnti" I^avWdicines: -Ob-sefvation is-during-a subsequent-2-year 

period when the patients peripheral blood CD4 counts are low. Effective medicines 
1 5 demonstrate efficacy measured as absence of T. gondii encephalitis in all patients. 
Otherwise. 50% of such individuals develop toxoplasmic encephalitis. When 
medications efficacious against bradyzoites and recrudescent toxoplasmic encephalitis 
in patients with AIDS are discovered and found to be safe, similar trials of efficacy and 
safety for individuals with recurrent toxoplasmic chorioretinitis are performed. All 
20 such trials are performed with informed consent, consistent with Institutional N1H. and 
Helsinki guidelines applicable to treatment trials involving humans 
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Example 39. Vaccine Trials for Humans 

After vaccine efficacy in rodent models to prevent congenita! and latent 
Toxoplasma infection are established, for component vaccines only, trials to establish 
safety and efficacy in prevention of congenital and latent infection are performed. 
5 They follow standard procedures for phase I, II and III trials as outlined above and as 
is standard for vaccine development. 

Endpoints for vaccine effect and efficacy are development of antibody and cell- 
mediated immunity to T. gondii (effect) and most importantly, prevention off. gondii 
congenital infections. After establishing in phase I trials that the vaccine is entirely 
1 0 safe, nonpregnant women of childbearing age will be vaccinated with recombinant 
vaccine. Assay for efficacy is via a serologic screening program to detect newborn 
congenital toxoplasmosis (described in Boyer and McLeod. 1996) with usual testing to 
document whether seropositive infants are infected (described in Boyer and McLcod. 
1996). 

15 Example 40. Vaccine Efficacy and Safe ty for Livestock Animals 

The efficacy of candidate vaccines is tested in sheep as previously described 
(Buxton et at.. 1993). Vaccines are live attenuated, genetic constructs or recombinant 
protein. The most efficious routes and frequency of inoculation is assessed in a serious 
of experiments as described below. Intra-muscular. sub-cutaneous and oral are the 

20 preferred routes, although intravenous, intraperitoneal and intradermal routes may also 
be used Scottish blackface or/and swalcdalc ewes, four to six years old arc tested lor 
lgG antibodies to Toxoplasma ynndn usinu an El-ISA assay Only scro-ncgativc 
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mals arc used for the study. Three groups of 10-15 ewes arc used for each 
experiment. Groups 1 are vaccinated, while group 2 and 3 arc not. Three months later 
all ewes are synchronized for estrous and mated. At 90 days gestation the ewes in 
groups I and 2 are given 2000 sporulated oocyst of T. gondii. 

The outcome of pregnancy is monitored in all groups. Aborted lambs or those 
dying soon after birth are examined histologically and by PCR for the B 1 gene or sub- 
inoculation into mice or tissue culture, for the presence of T. gondii. All placentas are 
examined histologically and as above for parasites. Lambs are weighed at birth. Pre- 
colostral serum is taken from each lamb. Congenital transmission is assessed by 
performing ELISA assays on the serum for IgG or IgM. Protection is measured as a 
decrease in congenital transmission, a decrease in the incidence or severity of 
congenital disease, or a decrease in abortion. 
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Example 41: T. gprrt/fiChorismate Synthase Genomic Sequence is 
Used to Produce "Knockouts" (Attenuated Vaccine 
Strainl. 

The genomic sequence of chorismate synthase is in FIG. 13. As 
5 with other genomic sequences herein, it provides an example of a gene 

which is "knocked out" to produce an attenuated vaccine and also can be 
utilized as described in other parts of this document. 

A chorismate synthase knock out parasite was produced as follows: 
The genomic T. gondii chorismate synthase sequence consists of 9 exons. 
10 To prepare the knockout construct, this sequence was digested with EcoNl 

to remove a 1.8 kb fragment that included exons 2, 3, and 4. The EcoNl 
digested ends were blunt ended followed by dephosphorylation. A 1.9 kb 
piece bearing HXGPRT flanked by the 5' promoter region and 3' 
untranslated region of dhfr (called dhfr HXGPRT) was isolated by 
j 5 digestion of a construct, obtained from J. Boothroyd, and Xbal and hoi. 

After blunt ending, the 1.9 kb fragment was cloned into the chorismate 
synthase construct so that dhfr HXGPRT replaced chorismate synthase 
exons 2, 3 and 4. This construct was used for knockout of the wild type 
chorismate synthase gene. 
20 The sequence of the construct was verified by PGR. Following 

transfection into T. gondii (deficient in HXGPRT) and selection in 
medium containing 25 ug/ml mycophenolic acid and 50 ug/ml Xanthine, 
successful transfection was confirmed by PCR of the chorismate 
synthase/dhfr HXGPRT junction and sequence the product Parasites were 
25 cloned by limiting dilution and clones were cultured in the presence or 

absence of folate and other aromatic products in this medium with replica 
cultures. Aromatic compound deficient medium with 10% AlbuMax® as 
a serum substitute was prepared. Final concentrations of aromatic 
compounds in the supplemented medium are 0.1M phenylalanine, 
30 tyrosine, tryptophan, PABA, 2,3 dihydroxybenzoate and p- 

hydoxybenzoate. DNA was extracted from those replicate cultures of 
parasite clones that grew only in the presence of aromatic compound 
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supplementation. PCR primers were designed to confirm presence of the 

knockout construct and demonstrated that homologous recombination 

occurred resulting in replacement of exons 2-4 with the dhfr HXGPRT 

sequence. The knockout-parasite was passaged in aromatic compound 

supplemented medium. Whether this selection clearly demonstrates 

inability of the knockout parasite to grow in aromatic compound deficient 

medium, but ability to grow in aromatic compound sufficient medium 

using a uracil assay. Such aro deficient strains of bacteria have been used 

as vaccines precisely because they are nonpersistent. Complementation 

with aroC in an episomal vector to prove that the phenotype of the 

chorismate synthase knockout organisms is due to deletion of the 

chorismate synthase gene, was also done. This complementation system 

also allows characterization of the effects of mutations in chorismate 

synthase or its promoter region on transcription or on enzyme function, 

importance of the pathway for parasite viability, stage switch and 

subcellular localization. An episomal vector was obtained from John 

Boothroyd. Chorismate synthase was cloned within this plasmid under 

control of a constitutive promoter (e.g., the promoter for tubulin or 

DHFR). The resulting construct was transfected into the chorismate 

synthase knockout parasite described above. Proof that the construct 

produces mRNA for chorismate synthase is with northern and western 

blotting. The lack of ability of the knockout and the ability of the 

complemented parasite to grow in folate and other aromatic compound 

deficient medium indicates a functional construct This knockout 

organism is suitable for use as an attenuated vaccine strain. 

Example 42: T gondii Cho r fsmate Synthase cPNA Sequence in a 

nftf A Vaccine Vector Elicits A ntibodies. 
T. gondii chorismate synthase cDNA sequence placed in a DNA 

vaccine vector with a CMV promoter (Vical, San Diego) and 

administered intramuscularly to mice elicits serum antibodies to 

chorismate synthase (FIG. 14 A and B). Antibody production is detected 

on Western blot and in other immunoassay systems. This is an example c 
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a recombinant vaccine and a system to produce antibody reagents useful in 

diagnostic tests without the need to produce recombinant protein. 

Example 43: T. zondii Chorismate Svnthase-green Fluorescent 

Protein Construct is Made and Used in Parasite 

Survival Assavs to Test Antimicrobial Agents. 
A T. gondii chorismate synthase -green fluorescent protein DNA 

construct elicits a fusion (reporter) protein detectable with conventional 

immunofluorescence microscopy and deconvolution microscopy (FIG. 15) 

and other techniques known in the art to detect fluorescence. This 

construct accelerates the growth rate of the parasite and is useful for 

measuring effects of antimicrobial agents on the parasite by detecting 

relative amounts of the green fluorescent reporter protein. This is useful 

for testing antimicrobial agents. 

Example 44: Chorismate Synthase and Life Cvcle. 

Chorismate synthase is differentially located and expressed in 

different life cycle stages indicating that it can be an antimicrobial agent 

target in, and reagent to detect, specific stages of the parasite. 

Immunostaining This is performed as is standard in the art with 

tachyzoites, converting organisms, intestinal life cycle stages using 

specimens produced in vivo and in vitro. 

In some tachyzoites, chorismate synthase was concentrated in a 

small area contiguous to the nucleus in the area of the plastid (FIG. 16A). 

In other life cycle stages it was distributed diffusely throughout the 

cytoplasm (FIG. 16B, C). It was most abundant in bradyzoites and 

macrogametes. A C-terminal green fluorescent protein reporter alters its 

localization in tachyzoites (FIG. 15). Unique stage-associated expression 

and subcellular localization of 7*. gondii chorismate synthase is identified 

in tachyzoites, bradyzoites and in the stages of the parasite in the cat 

intestine including macrogametes, microgametes but not schizonts. 

Stage-associated expression of 7. gondii chorismate synthase (FIG. 

16A-Q is an example of the expression and differential subcellular 

localization of this protein. This stage-associated expression demonstrates 
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that this protein is present in tachyzoites (A), bradyzoites (B) and 
microgametes (C) and rnacrogametes (C). This is an antimicrobial agent 
. target, useful diagnostic reagent and vaccine constituent for infections with 
these life cycle stages. The differential stage associated subcellular 
5 localization demonstrates that organelle targeting is another way to target 

these enzymes. 

Example 45: Recombinant Chorismate Synthase is Useful for 

Antibodv Production and in Enzyme Assavs for High , 

Throughput Screens, 
10 Recombinant chorismate synthase was produced arid is useful for 

high throughput screens, development of diagnostic reagents and a 

vaccine. 

Overexpression of Chorismate Synthase Chorismate synthase 
was expressed in £. coli using a pGEX expression system (Pharmacia). 
15 Briefly, PCR was used to amplify the coding region and to introduce 

BamHl and EcoRl sites to the 5* and 3' ends respectively. Following 
removal of the 3* adenosine overhangs, the PCR produc^was first cloned 
into pUCl8 using the Surecione Ligation Kit (Pharmacia Biotech, Herts, 
UK). The pUC18 plasmid containing the insert was digested with EcoRl 
and BamHl and following purification by electrophoresis, the insert was 
eluted from an agarose gel and then cloned into pGEX-2T. DNA 
sequencing confirmed that the nucleotide sequence was in frame and that 
no PCR errors had been introduced. Following transformation the protein 
was expressed in BL21. To optimize expression and to test protein for 
enzymatic activity, expression is increased using BL21 Codon Plus 
(Stratagene). This strain of E. coli has been engineered to contain extra 
copies of tRNAs for codons in E. coli that are rarely used (arg\J t ileY, 
/cuW and prol). In some cases the presence of an N-tenninal tag can 
interfere with the ability of a protein to function and that although a GST 
tag can be removed with thrombin this treatment itself can be too harsh to 
retain the activity of some proteins. Thus as an alternative approach is to 
employ the Protein C Epitope Tagging system (Roche). This system 
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allows the production of recombinant proteins which have either C- 
terminai or N-terminal protein C tags. The protein C tag is used to purify 
protein using an antibody that binds the protein C tag only in the presence 
of Ca* 2 . Calcium chelation then provides a gentle means of eiuting the 
purified protein from the antibody. 

The Pichia Expression System (Invitrogen) is also used. This 
system offers advantages of bacterial systems such as high-level 
expression and ability to use large scale cultures. In addition, it offers 
certain advantages of eukaryotic expression systems that facilitate protein 
processing, folding and post-trans lational modifications. The system 
rmkes use of the powerful alcohol oxidase promoter (AOX1) to aid high 
expression levels. Tranformants are selected by Zeocin resistance and 
inframe C-tcrminal His tag allows purification by metal-chelating resins 
and detection through an tmti-myc antibody. This produces additional 
recombinant chorismate synthase protein, in order to produce-polyclonal 
antiscra to chorismate synthase. Antisera is employed to determine 
subcellular localization of T. gondii chorismate synthase. Recombinant 
protein also is used for later crystallography studies and for high 
throughput screens. 

Production of anti-chorismate synthase antibody To produce 
polyclonal antiserum to the entire protein, mice with 10 ug of recombinant 
protein emulsified with TiterMax initially and then again 2 weeks later. A 
commercial source for immunization of rabbits is also suitable. 
Preimmune sera and sera containing polyclonal antibody, is obtained 7 
days after the second immunization. To produce monospecific antibody, 
anti-peptide antibodies to specific regions of the protein also is produced 
in rabbits by a commercial laboratory (Alpha Diagnostic, San Antonio, 
TX). Analysis for B cell epitopes indicates that amino acids 342 to 363, 
KHERDGCSAATLSRER ASDGRT, and amino acids 35 to 55, 
SVEDVQPQLNRRRPGQGPLST are peptides that should elicit 
monospecific antibodies. The advantage of polyclonal antibodies is that 
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they recognize native folded protein, and of the anti-peptide antibodies is 
that when they recognize native protein, peptide epitopes are defined. 
Development of enzvme assay for high throughput assays To measure 
chorismate synthesis, a phosphate release assay is performed using a 
5 malachite green dye and the product is detected spectrophotometrically 

with a plate reader. This is adapted for large scale screening for high 
throughput screens. This assay is performed anaerobically (i.e., in a 
nitrogen environment) using polyethylene bags. Substrate EPSP will be 
synthesized as described previously. 

10 Example 46: Antibody to Recombinant Chorismate Synthase is 

Useful in Diagnostic Assays. 
Antibody to recombinant chorismate synthase was produced in 
mice and is useful as an immuno-diagnostic test kit reagent. 
Example 47: Isocitrate Lvase. 

1 5 T. gondii isocitrate lyase activity was demonstrated and has the 

same uses as chorismate synthase activity, and other enzymes, e.g., it is 



useful for high tKrougKput screens bTT. gondii, Isocitrate lyase enzyme 
activity (FIG. 17C, D) and its inhibition by 3 nitropropionic acid (3NPA) 
(FIG. 17D) was identified. This exemplifies the presence of a key enzyme 

20 in the glyoxylate cycle, and provides a method useful for both screens of 

available libraries of compounds and rational development of 
combinatorial libraries of compounds based on lead compounds and their 
interactions with the enzme and analysis of enzyme structure. Use of a 
knockout microorganism complemented with the parasite ICL gene is 

25 another example of a method useful for high throughput screens to idnetify 

an inhibitor of ICL. sequences Antisense gene sequences to interfere with 
parasite growth or survival. This is a representative example of inhibition 
of this enzyme in this pathway. This enzyme is potentially useful in 
development of antimicrobial agents, diagnostic reagents or vaccines. 
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Example 48: The 7*. zondii Isocitrate Lvase Binding Pocket and 
Active Site Form a Basis for Rational Antimicrobial 
Apent Development . 
The T. gondii isocitrate lyase cDNA sequence (FIG. IS), amino 
acid sequence (FIG. 19), and isocitrate lyase binding pocket and active site 
(FIG. 20, box) were identified and have absolute homologies with all other 
isocitrate lyases and not with other partially homologous enzymes such as 
CPEP mutase. A yeast with a mutation in a base encoding a lysine (K) 
only in this area produced an inactive isocitrate lyase. This observation is 
useful for development of antimicrobial agents as described for other 
sequences herein. 

Example 49: T. zondii Isocitrate Lvase Genomic Sequence is Useful 
for Vaccine Development 

A genomic ICL sequence is in FIG. 21 and is useful for vaccine 
development as described for thoer genomic sequences. 
Example 50: Demonstration of T. pondii Isocitrate Lvase Stage 
Associated Protein and mRNA. 

T. gondii isocitrate lyase stage associated protein is present in 
bradyzoites and is useful as described herein for producing diagnostic 
reagents, identifying anti-microbial agents and for vaccines. T. gondii, 
isocitrate lyase stage-associated protein is present in bradyzoites (FIG.* 22) 
and there is stage associated mRNA expression and protein (FIG. 23). 
This observation is useful in the same manner as other examples of mRNA 
and protein described herein in for diagnostic reagents, antimicrobial agent 
and vaccines. 

Example 51: Additional Inhibitors of Apicomp lexan Isocitrate Lvase 
are Based on Compound s that Inhibit Isocitrate Lyases 
of Other Organisms. 
Additional inhibitors of apicomplexan isocitrate lyases are 
identified and designed. They are used as lead compounds for designing 
new inhibitors as described herein and this is useful for development of 
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diagnostic reagents, antimicrobial agents and vaccines as described for 
other enzymes herein. 



Example 52: Genetic, Enzvmatic and Functional Evidence and Active 
Inhibitors of Apicomplexan Acetyl coA Carboxylases 
Such as Clodinafop Provide a Basis for Development of 
Novel Antimicrobial Agents, Diagnostic Reagents and 
Vaccines, 

FIG. 24 presents enzymatic, genetic and functional evidence of a 
wheat-like T. gondii acetyl coA carboxylases. Partial gene sequences were 
identified for T. gondii, Plasmodia and Cryptosporidia acetyl coA 
carboxylases. Inhibitors of T. gondii acetyl coA carboxylase inhibited 

parasite-survival-inrvitro.^^ 

antimicrobial agents and vaccines as described for other sequences herein. 
Example 53: Synergism of Antimicrobial Agents that Inhibit 

Apicomplexan Lipid Synthesis. 
Other examples of synergistic effects on lipid synthesis pathway 
are the synergistic effects of clodinofop, thialactomycin, and cerulin. 
Example 54: Growth of Toxoplasma gondii is Inhibited by 

Aryloxvphenoxv-propionate Herbicides Targeting 

Acetvl-CoA Carboxylase. 
The recently discovered plastid-like organelles in apicomplexan 
parasites provide new targets for antimicrobial agents. 
Aryloxyphenoxypropionates, known inhibitors of the plastid Acetyl-CoA 
Carboxylase (ACC) of grasses, inhibit Toxoplasma gondii ACC by 50% at 
a concentration of 20 uM Clodinafop, the most effective of the herbicides 
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tested, inhibits growth of T. gondii in human fibroblasts by 70% at 10 \iM and 
is not toxic to the host cell even at much higher concentrations. Infected 
fibroblasts treated with Clodinafop for two days show a substantial reduction 
in the number of T. gondii cells at 10 |iM and almost complete removal of 
parasites at 100 fiM. Longer treatments are even more effective. Fragments 
of genes encoding biotin carboxylase domain of multi-domain ACCs were 
cloned. One ACC from T. gondii (ACC1) clusters with the putative 
Cyclotella cryptica chloroplast ACC and Plasmodium ACC, while another 
(ACC2) clusters with Cryptosporidium ACC, probably the cytoplasmic form. 

In plants, genes encoding enzymes for fatty acid synthesis, including 
various subunits of ACC except one, are present in the nuclear genome and 
their protein products are imported and function in plastids. ACC, catalyzing 
the first committed step of de novo fatty acid biosynthesis, is a known 
selective target of aryloxyphenoxypropionate ("fops") and cyclohexanedione 
("dims") herbicides in sensitive species. The molecular mechanism of 
inhibition/resistance of the enzyme is not know but there is a strong 
correlation between the enzyme structure and its origin. The high molecular 
weight multi-domain ACC that is localized in plastids of grasses is extremely 
sensitive to these herbicides. All of the multi-subunit chloroplast enzymes of 
dicot plants and bacteria as well as other multi-domain cytosolic ACCs, such 
as those from man, chicken, rat and yeast, are resistant. ACC activity is 
conveniently measured in vitro by the incorporation of the carboxyl group 
from bicarbonate into an acid-stable form using crude protein extracts after 
Sephadex G50 filtration. Substantial, acetyl-CoA dependent activity was 
observed in extracts from tachyzoites of the RH strain of J. gondii isolated 
from infected mice, and no ACC activity could be detected in a control extract 
of macrophages from uninfected mice, the usual minor contaminant of the 
parasite preparation. Two biotin-containing proteins were revealed with 
streptavidin following electrophoresis of the extract proteins. One band at 
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240 kDa corresponded to the expected size for a subunit of ACC, while 
another at 130 kDA corresponded to the size expected for pyruvate 
carboxylase (PC). 

Structures of fops and dims were tested on the ACC-containing protein 
extracts of T. gondii described above. Three of the four fops were striking 
inhibitors of the activity, while none of the dims had any effect against the 
enzyme. There was 50% inhibition at 20 |iM and 90% inhibition at 100 fiM 
by Clodinafop, Quizalofop, and Haloxyfop. Effects of the herbicides on 
uninfected fibroblasts and on T. gondii growth and replication were tested as 
previously described by Roberts et ai, 1998 using incorporation of 
radiolabeled thymidine by growing fibroblasts to assess toxicity and 
incorporation of radiolabeled uracil to measure T. gondii growth and 
persistence. Anti-parasite activity and toxicity for four fops and one 
representative dim were determined. Pyrimethamine and sulfadiazine, 
antimicrobial agents which are known inhibitors of folate synthesis, were 
jncluded as positive control. The combination of candidates inhibited uracil 
incorporation by T. gondii by more than 95% without toxicity for fibroblasts. 
Consistent with the data for ACC activity in vitro, the inhibitory activity of the 
fops and the dim on T. gondii growth in fibroblasts was in the same 
concentration range. Clodinafop was even more active in this assay than in 
the enzyme assay, giving 70% inhibition at 10 nM. With regard to toxicity, 
fops are mildly toxic at the highest concentration, 400 \iM. In separate 
experiments, the effect of Clodinafop on T. gondii was assessed by light 
microscopy. Micrographs showed infected fibroblasts treated with 
Clodinafop at 10 and 100 jiM compared with control infected cells without 
herbicide and uninfected cells. There is substantial reduction of the number of 
Toxoplasma tachyzoites at 10 \xM and almost complete removal at 100 \iM. 
The effectiveness of Clodinafop at 10 is greatly enhanced by a 4-day 
treatment with one change of medium and inhibitor after 2 days. In this 
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experiment, cultures were incubated for 2 more days without the inhibitor. 
No parasite cells were found in infected fibroblasts treated in this way. 

The active form of fops used as herbicides in the field are esters, which 
are converted to free acids by plant esterases. The true inhibitor of ACC is the 
free acid. Two esters of Halosyfop, two esters of Quialofop and one ester of 
Clodinafop (Topik) have no effort on 7. gondii ACC activity in crude extracts 
and were relatively inactive in the uracil incorporation assay except for Topik 
that was as active as the free acid, suggesting significant level of hydrolysis of 
this ester. In general, in this assay fop esters are not more effective than free 
acids. 

Single stranded cDNA prepared from total RNA extracted from T. 
gondii tachyzoites was used as a template for the PCR amplification of a 440- 
bp fragment encoding the biotin carboxylase (BC) domain of ACC, using 
primers and conditions described for wheat ACC. Several independent PCRs 
yielded five different products. Two of them appeared to encode eukaryotic- 
type multi-subunit ACCs. Genomic clones encoding the entire BC domain 
were then isolated from a genomic library using the PCR-cloned fragments as 
probes and these were sequenced. Similarly, sequences of a fragment of the 
BC domain of ACCs of P. knowlesii, P. falciparum and C. parvum were 
determined from PCR-cloned gene fragments. A phylogenetic analysis was 
performed based on amino acid sequence comparisons of the two candidate 
ACCs from T. gondii with those of other BC domains. Three apicomplexan 
sequences (7. gondii, P. knowlesii, and P. falciparum) cluster together with 
Cyclotella cryptica ACC, an enzyme thought to be in the diatom chloroplast. 
This isozyme, called ACC1 in T. gondii, is likely the plastid form. This 
assignment awaits cloning and sequencing of the 5-terminal portion of the 
cDNA, where a sequence encoding a signal/transit peptide ought to be found. 
The other ACC, called ACC2 in 7. gondii, clusters with the ACC of C 
parvum. These two are probably cytosolic forms. The partial genomic 
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sequences revealed differences in intron number and location before ACC1 
and ACC2 of T. gondii^ and the three ACC genes from the other apicomplexa. 

One of the other PCR products encoded a BC domain similar to that of 
pyruvate carboxylases. Deduced amino acid sequences encoded by the 
remaining two PCR products were similar to the BC domains of rat ACC and 
prokaryotic-type biotin-dependent carboyxlases, respectively. These 
fragments were assumed to encode the host mouse ACC and a carboxylase 
from a bacterial comaminat. Protein gels blotted with streptavidin revealed 
pyruvate caroxylases (130 kDa) in addition to ACC (240 kDa), but no 
bacterial-type biotin carboxyl carrier protein (20 kDa) or biotinylated subunit 
of propionyl-CoA carboxylase (70 kDa). 

There is a very strong correlation between the pattern of 
sensitivity/resistance of the ACC activity and Toxoplasma growth inhibition 
by the twelve different compounds tested. This result provides important 
evidence linking the Toxoplasma growth phenotype to the effect of the 
compounds on the enzyme activity. The basis for the sensitivity of some of 
the multi-domain ACCs to fops and dims is not known, nor is it known why 
some, like the T gondii ACC activity reported here, are sensitive to fops but 
resistant to dims. Compounds in the fop family differ in their properties as 
20 well, with a clear correlation between activity and structure, e.g. relatively low 

inhibitory activity of Fluazifop. 

The target for sensitivity (herbicide binding site) is likely in to a region 
encompassing the p domain of carboxytransferase, based on experiments 
using yeast gene replacement strains, in which chimeric genes encoding wheat 
25 ACCs replace the yeast ACC1 gene. Such strains are herbicide-sensitive if 

they contain a gene encoding sensitive ACC. Availability of the genes 
encoding T gondii ACCs may clarify which of the isozymes is targeted to the 
plastid and whether one or both of them are sensitive to fops (the majority of 
the activity in the protein extracts was inhibited). 



10 
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Inhibition of T. gondii growth in infected fibroblasts by herbicides 
targeting ACC suggests, based on earlier studies of herbicide action on plants 
and yeast gene-replacement strains, that inhibition of ACC activity in 
sensitive species leads to metabolite depletion to a level at which the organism 
cannot support its needs. This reflects an essential contribution of ACC to the 
pathway of de novo fatty acid synthesis and is the basis for the use of the ACC 
inhibitors as herbicides in agriculture and their potential future use in 
medicines. 

Example 55: An Apicomplexan Glvoxvlate Cycle . 

To determine whether there are additional plant-like metabolic 
pathways as potential targets for novel chemotherapeutic agents, because they 
are not present in animals or differ substantially from those of animals, 
evidence was sought that the glyoxylate cycle might be operational in 
apicomplexan parasites, and play an essential role in certain stages of the life- 
cycle of these organisms. 

Evidence was sought for the presence of isocitrate lyase and malate 
synthase, key enzymes unique to the glyoxylate cycle. Enzymes of the 
glyoxylate cycle were detected in protein extracts of 7*. gondii. Polyclonal 
antibodies to cotton malate syntase and isocitrase lyase were used to detect 
heterologous apicomplexan proteins by western blot analysis. A protein band 
of approximately 64 kD was detected using antibodies to cotton isocitrate 
lyase and malate synthase in lysates of T. gondii tachyzoites. Isocitrate lyase 
was also sought, and found in western blots of T. gondii bradyzoites. 
Antibody to cotton isocitrate lyase also was used for immunohistochemistry to 
study bradyzoites within cysts in brain tissue. Isocitrate lyase was identified 
in bradyzoites. Whether there was stage related expression of isocitrate lyase 
in 7. gondii was studied by using smaller number of parasites in 
semiquantitative western blots. There was greater expression of isocitrate 
lyase in parasites undergoing stage conversion in vitro on the first and second 
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days of culture following pH shock, with loss of detectable isocitrate lyase 
protein on the third and seventh day with concomitant appearance of 
increasing levels of the bradyzoite marker BAG 1 as the bradyzoites matured 
when relatively small numbers of parasites were used. Stage specific 
expression of the gene was analyzed by RT PCR using mRNA obtained from 
Me49 strain T. gondii tachyzoites differentiating in bradyzoites in vitro. 
Tachyzoites had demonstrable ICL mRNA whereas bradyzoites did not. 
These results suggest that expression of isocitrate lyase may be 
developmentally regulated. In other microorganisms, isocitrate lyase is 
regulated at a number of different steps. For example, in E. coli there is an 
ace operon comprised of ace B, A, and K encoding malate synthase, isocitrate 
lyase and isocitrate dehydrogenase kinase phosphatase, respectively. 
Expression of the ace operon is under the transcriptional control of two genes, 
the iclR gene and fadR. The fadR is also involved in the regulation of fatty 
acid degradation. It has been suggested that these genes encode repressor 
proteins , which act independently or in concert , t o repress t he ace o peron. 
Moreover, functionally related isoenzymes with distinct roles in the metabolic 
pathways needed for growth under different minimal conditions also have 
been described. In addition, different isoforms of the isocitrate lyase enzyme 
related to the age of the organism have been identified. Interestingly, in 
germinating seeds, isocitrate lyase plays a time-limited role with decline in 
isocitrate lyase activity in the senescent endosperms. 

Next, evidence for the presence of a functional glyoxylate cycle 
enzyme and its inhibition in apicomplexan parasites was obtained isocitrate 
lyase enzyme activity and its inhibition by 3 Nitropropionic acid (NPA) was 
detected in lysates of T. gondii tachyzoites. Functional evidence for the 
glyoxylate cycle was sought by examining the effects of inhibitors of 
isocitrate lyase on growth and survival of apcomplexan parasites in vitro. 
Uracil incorporation by T. gondii in the presence and absence of inhibitor was 
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measured in tachyzoites. 3 NPA inhibited parasite growth. Similarly, 3NPA 

inhibited growth of P. falciparum. 

Then, genetic evidence for the presence of isocitrate lyase was obtained in 
T. gondii. First the primary structure of isocitrate lyases from varied organisms 
(bacteria to higher plants) were compared, and absolutely conserved amino acid 
sequences were identified across species. A partial complementary DNA 
sequence was next identified from the WashU-Stanford-PAMF-NIH Toxoplasma 
EST project (EST TgESTzz53c08.rl; GenBank accession number AA520237; 
Steve Parmly, PAMF, www.ncbi.nln.nih.gov/Malaria/plasmodiumbl.html). Both 
strands of the corresponding clone were sequenced. This sequence when 
translated had an open reading frame (ORF) of 857 base pairs, had over 30% 
homology with isocitrate lyases from varied organisms (range: 29 - 53% 
identities; 43 - 67% positives). A J. gondii RH strain genomic Lambda DASH II 
library (Stratagene) was then screened using TgESTzz53c08.rl as a probe, and a 
genomic clone was obtained and sequenced (GenBank accession number to be 
assigned). The binding pocket and catalytic site that are absolutely conserved 
among other isocitrate lyases was identified in the T. gondii gene. The deduced 
amino acid sequence also showed partial homology with putative 
carboxyphosphonoenolpyruvate phosphonomutase from E. coli and Salmonella 
species. Two regions of isocitrate lyase have been implicated as part of the 
active site. The motif KKCGHM(L) is conserved in all isocitrate lyases, and it is 
proposed that the cysteine is a critical active site residue. The absolute identity of 
the T. gondii sequence in the region of the active site, the binding pocket and 
other conserved regions to that of all isocitrate lyases, not demonstrated by any 
carboxyphosphonoenolpyruvate phosphonomutase, makes it highly likely that the 
gene cloned is an isocitrate lyase gene. Also, interestingly, a single 
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mutation of a K to R at the second lysine in the KKCGHM(L) motif (a substitution noted in a 
number of carboxyphosphonoenolpyruvate phosphonomutase genes) in a yeast and E. coli 
isocitrate lyase rendered it inactive (Figure 4B) ,J * 16 . The putative 7 gondii isocitrate lyase 
gene sequenced thus far has predicted 4 exons. 

These studies provide protein, enzymatic, functional and genetic evidence for the 
presence of a glyoxylate cycle in apicomplexan parasites. The presence of the glyoxylate 
cycle pathway enzymes, but not expression of its mRNA appears to be more abundant in 
certain life cycle stages of 7. gondii in which lipids may be utilized in preference to 
carbohydrates as an energy source. This pathway provides a novel antimicrobial agent 
target and an inhibitor of an enzyme in this pathway has been identified. 

Materials and Methods 

7. gondii 

Swiss Webster mice (12-15 mice per assay) were infected intraperitoneaily with 7. 
gondii tachyzoites (Rh strain, 2xl0 7 per mouse) 2 days prior to assay. Tachyzoites were 
extracted with a peritoneaflavage using"5"ml"of sferilFsaline per mouse. ~ 

Alternatively, the PTg strain of 7 gondii was cultured as tachyzoites or tachyzoites 
induced to become bradyzoites, as described 8 . 
Antibodies 

Rabbit control preimmune serum was obtained and then antibodies to cotton malate 
synthase or isocitrate lyase were produced in rabbits 
SDS PAGE and Western blots 

7. gondii tachyzoites or bradyzoites were obtained at indicated time points from 
host ceils by scraping the monolayer, passing the infected cells through a syringe with a 
25g needle twice to disrupt them, and then organisms were counted and centrifuged at 2000 
rpm for 10 minutes at 4°C to pellet the parasites. The supernatant was discarded and the 
pellet was suspended in SDS PAGE loading buffer (with 2 mercaptoethanol) at a 
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concentration of lxlO 5 parasites per ^1 and boiled for 10 minutes. Unless otherwise 

indicated, material from 2x I0 6 parasites was utilized per lane. This was electrophoresed in 
a 12% polyacrylamide gel under reducing conditions and transferred onto nitrocellulose 
membranes blocked with 5% milk in PBS tween (0.05%), and probed with rabbit 
preimmune serum or polyclonal antibody to cotton isocitrate' lyase or malate synthase, or 
mouse monoclonal antibody to BAG1 antigen, followed by HRP conjugated ami rabbit or 
and mouse secondary antibodies 'as appropriate. Bands were visualized using ECL. 
PCR and Northern blots 

Messenger RNA, isolated on oligo dT solid phase matrix columns and reverse transcribed 
using a random priming method, was used for semi-quantitative PCR analysis of tachyzoite 
surface antigen (SAG)l, bradyzoite cytosolic antigen (BAG) 1-5, and isocitrate lyase (ICL), 
relative to beta tubulin (TUB). The primer sets were as follows: SAG1 (S'-CGG TTG 
TAT GTC GGT TTC GCT-3' and 5'-TGT TGG GTG AGT ACG CAA GAG TGG-3'), 
BAG 1-5 (5'-CCC ATC GAC GAT ATG TTC GAG-3 1 and 5'-CGT AGA ACG CCG 
TTG TCC ATT G-3'), ICL (5'-TTG CCG TTC TGG AAA GCT AGT AAG A-3' and 5*- 
GCA AAC GCT GGT CCT CAA TGT-3'), and TUB (5'-GTT TCC AGA TCA CCC 
ACA GTC TTG G-3' and 5*-GAG CAA ACC CAA TGA GGA AGA AGT G-3*) f 
yielding PCR product sizes of, 346, 225, 574, and 420bp, respectively. The BAG 1-5 
primers flank an intron serving as a control for genomic DNA contamination, yielding a 
PCR product of 784 bp. cDNA from T. gondii tachyzoites of the RH strain and induced 
bradyzoites from the Me49 strain were used as templates. 
Immunohistochemistrv 

Immunoperoxidase staining was performed* as previously described using control 
preimmune or immune rabbit antisera. 
Enzvme assays 

Parasite lysates were obtained from tachyzoites, suspended in elution buffer (100 
miV[ KG. 20% glycerol. 7 mM 2-mercaptoethanol, 20 mM Tris-HCU pH 7.5. and 
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complete TM protease inhibitor cocktail [Boehringer Mannheim, I tablet per 50 ml buffer], 
sonicated 3 times for 3 seconds at 30 sec intervals, and centrifuged at 12,000 g for 15 min. 
The supernatant collected was applied to a Sephadex 0 GI00 column (25 ml, Pharmacia) 
equilibrated with elution buffer, eluted with 15 ml of elution buffer, and =1.5 ml fractions 
were collected. Fraction(s) with the peak protein concentrations (protein analysis 
performed on a spectrophotometer at 280 nm) were selected and used in enzyme assays. 

A discontinuous method described by Ko and McFadden 17 was employed with 
minor modifications to measure the ability of isocitrate lyase to convert isocitrate to 
succinate and glyoxylate. This method utilizes the colorimetric reaction between the 
phenylhydrozone of glyoxylate and ferricyanide. Reaction mixtures (92 mM MOPS*. 5 mM 
MgCI 2 , 1 mM DTT, 1% phenylhydrazine, 4.4 mM isocitrate, in 0.5 ml with fractionated 
parasite lysate) were incubated in a 37 "C water bath for a determined amount of time. 
After incubation, enzymatic reactions were stopped with concentrated HCI, mixed with 
25% (w/v) potassium ferricyanide, and then measured in a spectrophotometer at 520 nm. 
Culture of parasites in vitro with inhibitors 

Parasites were cultured with host cells and inh i bitors and the effects an alyzed as described 1 . 
Identification of T. eondii isocitrate lyase genes: 

Library screening, phage DNA purification. Southern blot f cloning and 
sequencing), host strains and vectors 

XL I Blue MRA and pBluescript KS* DH5 a were used. Lambda Dash II 
(Stratagene) was the vector for the genomic library. A 550 bp ECORl-XhoI fragment of 

the cDNA EST clone TgZZ13 C08 r 1 was labeled with a ("P) dCTP and used for initial 

screening of the library. For subsequent secondary and tertiary screening to obtain pure 
phage, a biotinylated, non-radioactive, labeled probe of the entire 857 bp EST clone was 
prepared and used. The genomic library was screened (Stratagene), phage purified to 
>99% homogeneity, the clone amplified and DNA extracted (Current Protocols in 
Molecular Biology ). 
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Southern blot 

The purified phage DNA was digested with NotI; xhol or EcoRI enzymes, run on a Ix 
agarose gel, transferred onto a nylon membrane probed with the biotinylated probe 
(above). A -4kb band which was identified with the probe and was cloned into 
pBluescript KS* and sequenced. 
DNA sequencing and sequence analysis 

DNA sequencing was performed using an automated DNA sequencer. This sequence was 
compared to peptide sequence databases at The National Center for Biotechnology 
Information (NCBI) using the program TBlastX or BlastP (for derived open reading 
frames). Gene construction using the sequence obtained was also performed utilizing the 
Baylor College of Medicine program. Primers for sequencing were made at Integrated 
DNA Technology. Sequence analysis was carried out by software programs Mac Vector, 
ClustalX and MACH Box. 



BNSDOCID: <WO 00681 54A2_I_> 




PCT/US00/11478 



MATERIALS AND METHODS 
A. Methods to Assnv Candidate Inhibitors 
I. Inhibitors of Toxoplasma gondii 

a) Cell lines : Fibroblasts. Human foreskin fibroblasts (HFF) are 
5 grown in tissue culture flasks in Iscoves* Modified Dulbecoes Medium (IMDM), 

containing 10% fetal bovine serum, L-glutamine and penicillin/streptomycin at 37°C in 
100% humidity and a 5% CO2 environment. Confluent cells are removed by 
trypsinization and washed in IMDM. They are used in a growth phase for toxicity 
assays or when 100% confluent for parasite inhibition assays. 
10 b) Tachvzoites : Tachyzoites of the RH and pTg strains of 7'. gondii 

are passaged and used for in vitro studies (McLeod et aL t 1992). The R5 mixed 
tachyzoite/bradyzoite mutant was derived from mutagenesis with nitrosoguanidine in 

— the presenrof S hydroxynapthoquinone— These organisms-are used-for in vitro - 

experiments at a concentration of 2 x I0\ 2 x 10\ or 2 x I0 ! organisms per ml. 
IS dependent upon the planned duration of the experiment (/.c, larger inoculations for 
shorter duration experiments). 

c) Bradvzoites : Bradyzoites are obtained as described by 
Denton ct ai. (1996b). Specifically. C57BL!0/ScSn mice are infected intraperitoncally 
with 20 cysts of the Mc49 strain of T. gondii. Their brains are removed 30 days later 
20 and homogenized in PBS by repeated passage through a 21 gauge needle. Aliquot* 
containing the equivalents of 3-4 brains arc diluted in PBS and 6 5 mis of 90% percoll 
added to ihc mixture which is allowed to settle for 30 mins Zmls of 90% Percoll is 
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then added as a bottom layer and the mixture centrifuged for 30 mins at 2500xg. The 
cysts are recovered from the bottom layer and a small portion of the layer above. After 
the removal of Percoil by centrifugation, the contaminating red blood cells are removed 
by lysis with water followed by the addition of I ml of lOxPBS per 9 ml brain 
5 suspension in water. Bradyzoites are released from the purified cysts by digestion in a 
1% pepsin solution for 5 minutes at 37°C. This method routinely permits recovery of 
greater than. 90% of the cysts present which yields approximately 100 bradyzoites per 
cyst. Bradyzoites are used at concentrations of 2x1 0', 2xl0 4 and 2xl0 5 per mi in 
parasite growth inhibition assays. pH shock is also used to retain organisms fn 
10 bradyzoite stage when such pH does not interfere with inhibitor activity. 

d) Inhibitors : Inhibitor compounds are tested over a range of 
concentrations for toxicity against mammalian cells by assessing their ability to prevent 
cell growth as measured by tritiated thymidine uptake and inspection of the monolayer 
using microscopic evaluation. A range of concentrations that are non-toxic in this 
1 5 assay are tested for their ability to prevent the growth of T. gondii and also other 
Apicomplexans within these cells. 

i.) Heme Synthesis: The inhibitor of the heme synthesis 
pathway, gabaculine (Grimm. 1990. Elliot c7 <//.. 1990; Howe at a/.. 
.1995; Mets and Thiel. 19S9; Sangwan and CTBrian 1993; Matters and 
20 Beale. 1995) is used at a concentration of 20 m.YI (which has been 

demonstrated to be cfYeciive against tachvzoiies of the RH and 115 
strains] Oilier inhibitors of this pathway include A amino-5-hexynoic 
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acid and 4-aminofluoropentanoic acid which provide additional 
corroborative evidence that this pathway is present. 

ii) Glvoxvlate Cycle: The inhibitor of isocitrate lyase is 3 
nitropropionic acid (ranging from 0.005 to 5 mg/ml /'// vitro). 
5 iii) Alternative Oxidase T. gondii bradyzoites use unique 

alternative oxidases. AJternative oxidase is necessary and sufficient for 
bradyzoite survival. Methods to characterize plant alternative oxidases 
are described (Hill, 1976; Kumar and Soil, 1992; Lambers. 1994; Li 
eta!.. 1996, Mcintosh, 1994). 
10 For the hi vitro studies, cell lines that lack functional mitochondria are 

used. These cell lines are used to allow the study of inhibitors effective against the 
conventional or alternative respiratory pathways within the parasite, but independent of 
tfietr efFecTs onlhThost ceiraitocliondria. "Two cell lineTTaliuman fibroblasTcell line - 
( I43B/206) lacking mitochondrial DNA. and the parental strain (I43B) which poses 
15 functional mitochondria are used. These cell lines have been demonstrated to support 
the growth of T. gondii (Tomavo S and Boothroyd JC, 1995). SHAM, an inhibitor of 
the alternative respiratory pathway is used at concentrations between 0.25 and 2 u.g/ml 
in vitro, 

iv) Shikimate Pathway . For EPS? synthase, the inhibitor is 
20 N-(phosphonomethyl) glycine (concentrations of 3 125mM in folate deficient media). 

e) Culture as say sysi c:::* for assess ing inhibitor effect: 
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i) Toxicity assavs: AJiquots of cells (HFF) are grown in 96-well 
tissue culture plates until 10% confluent. Cells are incubated with various 
concentrations of drug for I, 2, 4 and 8 days. Cultures are pulsed with tritiated 
thymidine (2.5 uCi/well) for the last 18 hours of the culture after which the cells are 

5 harvested using an automated cell harvester and thymidine uptake measured by liquid 
scintillation. 

ii) In vitro parasite growth inhibition assavs: Confluent monolayers 
of HFF cells, crown in 96-well plates are infected with T. gondii tachyzoites of the RH 
strain and serial dilutions of anti-microbial compound are applied 1 hour later" 

10 T. gondii growth is assessed in these cultures by their ability to incorporate tritiated 
uracil (2.5 uCi/well) added during the last IS hours of culture. After harvesting cells 
with an automatic cell harvester, uracil incorporation is measured by liquid scintillation. 
Alternatively, confluent HFF cells are grown in the chambers of Labtech slides and 
parasite growth is assessed microscopically following fixation in aminoacridine and 

15 staining in 10% Giemsa (McLeod c/a/., 1992). 

0 Product rescue assavs to evaluate specificity of the inhibitor : To 
attempt to demonstrate specificity of the site of action of the inhibitor, growth 
inhibition assays arc performed in the presence of varying concentrations of product, 
L\,tr.. in the case where gabaculine is the inhibitor, ALA is added simultaneously to 
20 determine whether product rescue occurs. This type of study is only interprctablc when 
rescue is demonstrated because it is possible thai exogenous "product" is not 
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transported into the 7*. gondii within host cells. For EPSP synthase, product rescue 

assay is performed with PABA. 

g) Assays For synergy /// vitro . This is an assay in which < 50% inhibitory 

concentrations of two antimicrobial agents are added alone and together to determine 
5 whether there is an additive, synergistic or inhibitory interaction. All other aspects of 

this assay are as described herein. 

2. Inhibitors of Cryptosporidia parvum 

C parvum oocysts at 50,000/well were incubated with each drug 

(PRM=paromomycin which is the positive control, NPMG, gabaculine, SHAM, S- 
10 hydroxyquinoline) at 37°C (8% carbon dioxide) on confluent MDBKF5D2 cell 

monolayers in 96 well microtiter plates. The level of infection of each well was 

determined and analyzed by an immunofluorescence assay at 4S hours using as an 



"antibody C/jErrv^ fluorescein- 
conjugated coat anti-rabbit antibody (1%). Data are expressed as mean parasite 
15 count/field when 16 fields counted at lOx magnification "s.d. of the mean. (FIG. 6) 
J. Inhibitors of Plasmodium falciparum 
This assay is performed in folate deficient RPMI 1640 over a 66 hour 
incubation in plasma as described by Milhous ci ai (1985). Both the W2 clone DHFR 
resistant phenctype and the D6 clone are used (Odula at a/. y 19SS) (Table 3). 
20 // 1 It ib (tors of Eimcria ten cl la 

Suscer.ibility oflChnvna tenclla in viim is analyzed by a method similar to that 
described by McLcod ct at., I v\J2 or for ( 'rypttisporulium as disclosed herein. 
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5. In vivo studies, measurement of parasitemia of Toxoplasma gondii 
A method to measure the amount of parasitemia in mouse peripheral blood has 
been developed. Briefly, the target for PCR amplification is the 35 fold repetitive Bl 
gene of T. gondii and the amplification was performed using primers previously 
5 reported. In order to semiquantitate the PCR product and to avoid false negative 
results, a competitive internal standard is generated using a linker primer and the 
original B 1 primers. Competitive PCR was performed by spiking individual reactions 
(containing equal amounts of genomic DNA) with a dilution of the internal standard . 
Since this internal control contains the same primer template sequences, it competes 
10 with the B I gene of T. gondii for primer binding and amplification. The sensitivity of 
the PCR reaction in each sample can be monitored. Following competitive PCR, the 
PCR products are distinguished by size and the amount of products generated by the 
target and internal standard can be compared on a gel. The amount of competitor DNA 
yielding equal amounts of products gives the initial amount of target gene. 
1 5 6. Interpretation of Data/Statistical Analysis of Data: 

In vitro studies are performed with triplicate samples for each treatment group 
and a mean ± sd determined as shown in the FIGs. All in vivo studies utilize at least 6 
mice per group Statistical analysis performed by Students* t-test or the Mann-Whitney 
U-test. A p value of < 0.05. is considered statistically significant. 
20 B. Western Blms Demonstrate Plnnl-Ukc Enzvmes 

Wester:: analysis for GSAT. isocitrntc lyase, inalntc synthase, alternative 
oxidase and IZi'SP is used to demonstrate the presence of plant-like enzymes in many 



BNSOOCID: <WO 00661 54A2_L> 




PCT/US00/11478 



Apicomplexan parasites. e.g.. Plasmodia. Toxoplasma, Cryptosporidia, Ma/aria and 
Eimeria. 

Tachyzoites and bradyzoites (McLeod et al 1984, 1983; Denton et ai, 1996a, 
b), or their mitochondria and plastids are isolated as previously described. Equivalent 
5 numbers of tachyzoites and bradyzoites are separately solubiiized in 2x sample buffer 
and boiled for 5 minutes. Samples are electrophoresed through a 10 percent SDS- 
polyacrylimide gel. Proteins are transferred to. a nitrocellulose membrane at 4°C, 32 V 
with 25mM Tris and 192mM glycine, 20% v/v methanol, pH 8.3. Blots are blocked in 
PBS (pH 7.2) containing 5% powered milk and 0. i% Tween 20 for 2 hours' at 20°C. 
10 After washing in PBS (pH 7.2), 0. 1% Tween 20, blots are stained with polyclonal or 
monoclonal antibodies specific for alternative oxidases in PBS (pH 7.2) containing 
0.1% Tween 20 for I hour at 20°C. Following washing in PBS (pH 7.2) containing 

-0: 1 %T-Tweenr20~blots-are incubated'with an appropriate secondary antibody conjugated- 

to HRP at a dilution to be determined by methods known in the art. After further 
1 5 washes, binding is visualized by chemoilluminescence (Amersham). 

Antibodies to various enzymes, e.g., soybean GSAT T barley GSAT, 
synechococcus GSAT, plant and/or trypanosome alternative oxidase, cotton isocitrate 
lyase, cotton malaie synthase, soybean malate synthase, petunia EPSP synthase were 
used to determine whether homologous enzymes are present in T. gondii tachyzoites. 
20 bradyzoites. mitochondrial and plastid enriched preparations. Antibodies used include 
monoclonal antibodies to Trypanusuma hntccii and Voo Doo Lily (Chaudhuri ci al. 
1996) alternative oxidase and polyclonal antibody to Trypanosoma hntccii alternative 
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oxidase. The hybridizations with antibodies to plant and related protozoan alternative 
oxidases demonstrated the relatedness of T. gondii metabolic pathways to those of 
plants and other non-Apicomplexan protozoans. The products GS AT and alternative 
oxidase were demonstrated by Western analysis. Both polyclonal and monoclonal 
5 antibodies were reacted with alternative oxidase to confirm this observation. 

C. Probing Other Parasite Genes. The genes isolated from T. gondii as 
described herein are used to probe genomic DN A of other Apicomplexan parasites 
including Plasmodia, Cryptosporidium, and Eimeria. 

D. Genomic Sequence . Genomic clones are identified and sequenced in the same 
10 manner as described above for cDNA except a genomic library is used. Analysis of 

unique promoter regions also provide novel targets. 

E- Enzvmntic Activity Demonstrates Presence of Plant-Like Enzvmes 
in Metabolic pathways 

The presence of the enzymes putatively identified by inhibitor studies is 
1 5 confirmed by standard biochemical assays. Enzyme activities of GS AT, isocitrate lyase, 
malate synthase, alternative oxidase, and EPSP synthase, chorismate synthase, 
chorismate lyase, UDP-glucose starch glycosyl transferase and other enzymes listed 
herein are identified using published methods. Representative methods are those of 
Jaime/ a/.. 1991; Weinstetn and Bcalc, 1995; Kahn etaL, 1977: Basse/ a/.. 1990; 
20 Mousdale and Coggins ( I9S5). In addition, enzyme activity is used to determine in 
which of the i.vjhyzoiie and bradyzoiie life cycle stages each pathway is operative 
Tachy/.oitos a::J bradyzoitcs arc purillcd as described heroin. The parasites are lysed in 
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50mM HEPES (pH7.4) containing 20% glycerol, 0.25% Triton X-100 and proteinase 
inhibitors (5mM PMSF, 5FM E64, 1FM pepstatin, 0.2mM 1, 10-phenanthroline). This 
method has proven successful for measurement of phosphofructokinase, pyruvate 
kinase, lactate dehydrogenase, NAD- and NADH-linked isocitrate dehydrogenases and 
5 succinic dehydrogenase activity in tachyzoites and bradyzoites of T. gondii (Denton 
etaL, 1996a,b). 

1) GSAT : GSAT activity is measured by the method of Jahn et aL, (1991), 
which uses GSA as substrate. GSA is synthesized according to methods of Gough 
et aL (1989). Heat-inactivated (60°C, 10') lysates are employed as non-enzymatic 
10 controls. ALA is quantified following chromatographic separation (Weinstein and 

Beale, 1985). This approach allows the definitive detection of GSAT activity in crude 
extracts. 

_ ~2)~ A1~A^Svnthase rTo"'determine r whether-parasites"contain ALA synthases 
an activity also present in mammalian host cell mitochondria, cell fractions from 
15 purified parasites are assayed. (Weinstein and Beale, 19S5) ALA produced from 
added glycine and succinyl CoA is quantified as for GSAT. 

3) Isocitrate Lyase : The biochemical assay for isocitrate lyase activity used 
is the method of Kahn et aL (1977). 

4) Alternative Oxidase : activity is measured in parasite lysates or purified 
20 mitochondria or plastids by oxygen uptake using an oxygen electrode described by Bass 

ct aL ( 1990) Confirmation of the oxidation being due to alternative oxidase(s) is 
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achieved by successful inhibition of oxygen uptake in the presence of 0.5mM SHAM, 
but not in the presence of KCN. 

5) Shikimate Pathway : The biochemical assay for EPSP synthase, 
chorismate synthase, chorismate lyase; activity in cellular lysates is conducted as 

5 described by Mousdale and Coggins (19S5) and Nichols and Green (1992). 

6) Branched Amino Acids: The biochemical assay for hydroxy acid 
synthase is as described. 

7) Amvlopectin Synthesis : The biochemical assays for starch synthase, Q 
enzymes, and (JDP-glucose starch glycosyl transferase are as described. 

10 8) Lipid Synthesis: Assays for lipid synthases are as described. 

Some of the additional representative enzyme assays are precisely as described 
by Mousdale and Coggins(1985) and are as follows: 

5-Enolpyruvylshikimate 3-phosphate synthase is assayed in forward and reverse 
directions as described previously (Mousdale and Coggins 19S4). 

1 * Shikimate.NADP oxidoreductase (shikimate dehydrogenase), shikimate kinase, 

3-Dehydroquinase (DHQase) are assayed. Assay mixtures contained in a total 
volume of I ml: 100 mM potassium phosphate (pH 7.0) and 0.8 niM 
ammonium 3-dehydroquinate. 3-Dehydroquinatc synthase is assayed by 
coupling for forward reaction to the 3-dehydroquinase reaction; assay mixtures 
contained in a total volume of I ml: 10 mM potassium phosphate (pH 7.0), 50 
uM NAD . 0 I mM CoCN. 0.5 nkat panially-purillcd fcscheridria cali DHQase 
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and (to initiate assay) 0.4 mM DAHP. The DAHP is prepared from £. co//' 
strain AB2847A and DHQase from £ a?// strain ATCCI4948. 

Assay of DAHP synthase is by a modification of the method of Sprinson 
et al.. Assay mixtures contained in a total volume of 0.5 ml: 50 mM 1,3-bis 
[tris(hydroxymethyI)-methylamino] propane-HCI (pH 7.4), 1 mM erythrose 4- 
phosphate, 2 mM phosphoenolpyruvate and 1 mM CoCI 2 . The reaction is 
initiated by the addition of a 50 to 100 uJ sample containing DAHP synthase 
and terminated after 10 min at 37°C by 100 u.1 25% (w/v) trichloroacetic acid. 
The mixture was chilled for 1 h and centrifuged to remove precipitated protein. 
A 200 ul aliquot of the supernatant was mixed with 100 jil 0.2 M NalOa in 9 M 
H ? POi and incubated at 37°C for 10 min; 0.5 ml, 0.8 M NaAS0 2 and 0.5 M 
Na 2 S0 4 in 0. 1 M H 2 S0 4 in 0. 1 m H 2 SOj was then added and the mixture left at 
- j-T^^for-l^-mint^ml O 6% (w/v) sodium thiobarbiturate and 0.5 M Na 2 S04-in— 
5 mM NaOH was added and the mixture placed in a boiling-water bath for 10 
min. After cooling to room temperature the solution was centrifuged (8500 xg. 
2 min) and the optical density at 549 nm read immediately. Appropriate 
controls assayed in triplicate lack substrates, sample or both." 
Another representative assay is an assay for chorismate lyase which is as 
described by Nichols and Green. 1992: 

Chorismate lyase assays are carried out in a volume of 0.5 ml containing 50 mM 
Tris-HCI (pi I 7.5). 5 mM EDTA. 10 mM 2-mcrcnptocthnnol. 60 uM 
cliori<:natc. and 0.2 to 4 U of chorismate lyase After incubation at 37°C for 
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30 min, 4-hydroxybenzoate is delected and quantitated by high-pressure liquid 
chromatography (HPLC). Fifty microliters of each reaction mixture is applied 
to an HPLC system (Waters 625) equipped with a Nova-Pak Ci* column 
equilibrated in 5% acetic acid and monitored at 240 nM. The height of the 
5 4-hydroxybenzoate peak is compared with those of standard curves generated 

by treating known amounts of 4-hydroxybenzoate in a similar manner. One unit 
of chorismate lyase activity is defined as the amount of enzyme required to 
produce 1 nmol of 4-hydroxybenzoate in 30 min at.37°C. 
Assays for 4-aminobenzoate and 4-amino-4-deoxychorismate are.performed as 
10 described previously." Enzyme Assays: The 5-enolpynjvylshikimate-3-phosphate 
(EPSP) synthase assay entailed monitoring the generation of EPSP using HPLC. 
Reaction components were separated using a Hypersil H3APS2 HPLC column 
(Hichrom Limited, Reading, UK) and a NaH2P04 elution gradient (50-400 mM). UV 
spectra (200-320 nm) of the column eluate were collected to identify eluants. 
15 Shikimate-3-phosphate and 5-enolpym\ylshikimate-3-phosphate, synthesized 

enzymatically and purified to at least 95% purity as described (12), eluted after 3.9 and 
6.8 min, respectively; phosphoenolpyruvate did not interfere with the EPSP detection 
and eluted after 5.3 min. The peaks at 215 nm were integrated; the EPSP produced 
was quantified using a standard curve of authentic EPSP. Parasite extracts were 
20 produced at 4 : C by suspension of pure tachyzoites in extraction buffer (50 mM 
Tris HCI. pH 7 5. containing complete TM protease inhibitor cocktail fBoehriniicr 
Mannheim. I tablet per 50 ml bulTcr]). sonicntion 3 times for 3 seconds at 30 second 
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intervals, and centrifugation a! 12000 g for 15 min. The resulting supernatant was 
diluted 6-fold with extraction buffer and loaded onto a ResourceQ column (1 ml, 
Pharmacia) equilibrated with extraction buffer. The bound protein was eluted in a 
single step using extraction buffer containing 500 mM KG. The eluted material was 
5 used for enzyme assay. The assay mix contained I mM phosphoenolpyruvate, t mM 
SP and 50 mM HEPES, pH 7.5. The reaction was started by addition of parasite 
extract and incubation was at.30°C. Times. 10 : 1 aliquots were subjected to HPLC 
analysis. Protein concentrations of lysates were determined using the Lowry method. 
(Roberts et al., 1998, In Press) 

10 E. Construction and Analysis of Gene "Knock-Outs" 

In order to determine whether a gene, e.g., chorismate synthase or alternative 
oxidase is essential for growth or survival of the organism, gene knockout organisms 

~ ~ . : — — — are generated=by-thermethodrof=Roos-e/.-a/— 1 996— Specifically r the strategy-for-creating 

mutants is with homologous recombination and to generate a targeted gene knock-out 

15 a sequential positive/negative selection procedure is used (Roos el al., 1996). In this 
procedure positive and negative selectable markers are both introduced adjacent to, but 
not within the cloned and suitably mutated locus. This construct is transfected as a 
circular plasmid. Positive selection is applied to yield a single-site homologous 
recombinant that is distinguished from non-homologous recombinants by molecular 

20 screening. In the resulting 'pscudodiploid/ mutant and wild-type alleles flank 

selectable marker and other vector sequences In the next step, parasites arc removed 
from positive selection, which permits recombination between the duplicated loci. 1 his 
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event appears to occur ai a frequency of 2 x 10"* per cell generation. These 
recombinants are isolated with negative selection. Next, they are screened to 
distinguish those that have recombined in a manner that deletes the mutant locus and 
yields a wild-type revertant from those that deleted the wild-type gene to leave a 
5 perfect allelic replacement. 

This 'hit-and-run* approach has the disadvantage of being time-consuming. 
Nonetheless, it offers several distinct advantages over other gene knock-out strategies. 
First, because gene replacement occurs by two sequential. single-cross-overs instead, of. 
one double cross-over which is a very rare event, it is more/likely, to be successful. 
10 Second, because selectable marker(s) are located outside of the targeted gene itself, 
experiments are not limited to gene knock-outs. A variety of more subtle point 
mutations are introduced as allelic replacements. Third, this strategy provides a means 
of distinguishing essential genes from those which cannot be deleted for purely 
technical reasons. Specifically, if the hit-and-run mutagenesis procedure yields only 
15 wild-type revenants instead of the theoretical 1:1 ratio of wild-type: mutant, this 
provides positive evidence that the locus in question is essential. 

An example is a knockout created for the chorismate synthase gene. It also can 
be made more general to include knockout of other genes for attenuated vaccines such 
as EPSP synthase and alternative oxidase. The parasite with the gene of interest to be 
20 knocked out i< grown ("manufactured") /// vitro in presence of product, but when used 
/// vivo the hooded product is not present The parasite functions as an attenuated 
vaccine as described below under vaccines A specific example follows: Specifically. 
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the strategy of product inhibition discussed above is also useful for growing gene 
knockout parasites (which lack a key gene for their survival) /// vitro by providing the 
essential product and thus bypassing the need for the gene during in vitro propagation 
of the parasite. Such gene knockouts cultivated /// vitro in this manner are useful 
5 attenuated organisms that are used as attenuated vaccines. 

The chorismate synthase cDNA clones are used as hybridization probes for 
recovering genomic clones from a T. gondii genomic cosmid library. Coding regions 
are mapped onto the genomic clones using the cDNA clones as a guide. Appropriate * 
sections are sequenced to verify the gene location. Ultimately; full genomic sequences 
10 are obtained. Enough of the genomic clones are sequenced to develop a strategy for 
generating a putative null allele. Segments that can be deleted at the 5' end of the 
coding region to generate an allele that is unlikely to generate a functional gene product 
are identified. A putative neutral allele is generated that can be distinguished from the 
wild type allele on the basis of an introduced restriction site polymorphism, but that 
1 5 does not difter in encoded protein sequence. These putative chorismate synthase-null 
and chorismate synthase-neutral alleles are cloned into the pminiHXGPRT transfection 
vector plasmid. 

The resulting chorismate synthase -null and chorismate synthase-neutral 
plasmids arc transfected into HXGPRT-negative strains of 7. gondii (strains 
20 RH(EP) 3 HXGPRT [a ME49 derivative] Numerous independent clones are selected for 
survival on mvcophenolic acid to select for insertion of the plasmid Those strains are 
screened by Southern analysis desiuned to detect the presence of both the norma! and 
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modified copies of the chorismatc synthase gene and for tandem location of the two 
copies (with the vector HXGPRT gene between). This is the structure expected for 
insertion of the plasmid by homologous recombination at the AroC genomic locus (the 
"hit" needed for the hit-and-run gene knock-out strategy). The feasibility of recovering 
5 these strains is critically dependent upon the ratio of homologous to non-homologous 
integration following transfection, which will depend upon the length of homologous, 
genomic DNA in the done (Donald and Roos, 199.4; Roos er a/.,T996). Eight kb of 
homology is sufficient to obtain >50% homologous integration (Roos eta/., 1996): 
HXGPRT clones with verified, pseudodiploid: structure of the- chorisrrtate : 
10 synthase alleles are selected for loss of HXGPRT using 6-thioxanthine (the "run" pan 
of the protocol). Numerous clones are selected. If the loss of HXGPRT is based upon 
random homologous exchange between the two chorismate synthase pseudodiploid 
alleles, theoretically half of the events should lead to excision of the modified 
chorismate synthase allele along with the HXGPRT, leaving the original wild type allele 
1 5 in the chromosome. The other half should excise the wild type allele, leavina the 

modified allele in the chromosome. During selection and grow-out of these clones, the 
medium is supplemented with chorismate at the concentration determined to best 
rescue cells from inhibitor toxicity. The purpose of the supplementation is to enhance 
the chances of recovering chorismate symhasc-null strains. The genomic structure of 
0 the selected clones is examined by Southern analysis to confirm loss of the vector 
HXGPRT and of one copy of the chorismate synthase and to identify the remaining 
allele of chorismate synthase. The ratio of muiam io wild type is tabulated. The 
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chorismate synthasc-neutral allele is iniended as a positive control to confirm that either 
allele (wild type or mutant) can be lost in this procedure. If chorismate synthase- 
neutral strains can be recovered but chorismate synthase-null strains cannot, the 
conclusion is that the chorismate synthase gene is essential for growth. If it proves 
5 possible to recover chorismate synthase-null strains, they are subjected to further 
phenotypic analysis, first, using immunoblotting of electrophoretically separated cell 
extracts to confirm absence of chorismate synthase protein, then, . determining if these, 
strains show hypersensitivity to inhibitors of the alternative oxidase or to any of the 
other potential inhibitors. Sensitivity to chorismate. synthase inhibitors is analyzed to. . . 
10 determine the relative specificity of inhibition. If chorismate synthase is the sole target 
of the inhibitors, then the null mutants should be insensitive to further inhibition. 
Sensitivity analysis is conducted in vitro as described herein. Whether strains show 

alterations in expression of the alternative oxidase or in any. stage-specific antigens is oC. 

interest. These analyses are conducted by immunoblotting of electrophoretically 
1 5 separated cell extracts. /// vivo analysis using a mouse model is conducted to determine 
if these strains are infective and what stages of parasites can be detected following 
infection. Genetically altered T. gondii organisms are used to infect C3H/HeJ mice by 
the intraperitoneal route. Mortality is monitored and brains examined for cysts at 30 
days post infection. 

Knockouts with bradyzoitc reponer genes are useful to determine whether these 
enzymes influence sta^e switch. 
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Stage switch also is characterized by quantitating relative amounts of parasite 
mRNA present in each stage of parasite using Northern blotting, isolation of mRNA 
and RT-PCR using a competitive inhibitor, and enzyme assay. 
G. Rcngcnts used for construction of "Knock-Outs" 
5 Library 

Me49 genomic libraries are used. 
Plasmids 

pminiHXGPRT. Contains T. gondii HXGPRT gene under control of DHFR-TS 5* and 

3' flanking sequences. Functions as either a positive or negative selection marker 
10 (using 6-thioxanthine or mycophenolic acid, respectively) in suitable host strains. 

Parasite Strains (obtained from AIDS Repository. Bethesda. MdJ 

RH(EP). Wild-type host strain RH (highly pathogenic in mice). 

RH(EP) 3 HXGPRT. HXGPRT knock-out mutant of RH strain. Suitable for positive 

selection of HXGPRT-containing vectors. 
15 P(LK). Wild-type host strain P, (clonal isolate of strain ME49; produces brain cysts in 

mice). 

P(LK)HXGPRT-. HXGPRT-deficient mutant of P strain. Suitable for positive 
selection of HXGPRT-containina vectors. 
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II. Antibodies 

Antibodies have been raised against homologous plant enzymes by standard 
techniques for both polyclonal and monoclonal antibodies (Current Protocols in 
Immunology, 1996). 
5 1) Heme Synthesis 

Antibody to soybean, barley and synechococcus GSAT are polyclonal 
antibodies with preimmune sera the control for the barley and synechococcus 
antibodies. 

2) Gtvoxvlate Cycle 

10 T. gondii contains a glyoxylate cycle that allows growth using lipids as a carbon 

source, thus the lipid mobilization pathway of T. gondii is similar to the pathway of 
plants (Tolbert, I9S0). A similar approach using polyclonal antibodies to isocitrate 

_ lyase a j} j LQJjjjdglg synthase an£preimmune control sera are u sed. _ 

3) Alternative Energy Generation 

15 Monoclonal and polyclonal antibodies to alternative oxidases in plants 

(Mcintosh ci ai, 1994) and Trypanosomas (Hill, 1976) are used. 

4) Shikimntc Pathway 

To demonstrate that 7". gondii has the same unique enzymes that permit 
imerconvcrsion of shikimatc to chorismate as plants do, the antibody to shikimate 
20 pathway plant EPSP synthase is used. 
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5) Synthesis or Branched Chain Amino Acids 
Antibodies to acetohydroxy acid synthase are used. 

6) Amvlosc and Amvloncctin Synthesis and Degradation 
Antibodies to starch synthesis, branching (Q) enzymes and UDP glucose starch 

5 glycosyl transferase are used. 

I- Complementation of Enzyme Deficient E. coli Demonstrates Functional 
Product 

The E. coliAroC mutant which lacks chorismate synthase (AroQ was obtained 
from the E coli genetic stock center. AroC bacteria is made competent to fake up 

10 DNA by transformation with CaCl 2 treatment. Alternatively, the cells are 

electroporated to take up DNA. The presence of the plasmid is demonstrated in this 
system by growth on media which contains ampicillin, as the plasmid contains an 
ampicillin resistance gene. Complementation is confirmed by demonstrating growth on 
media lacking the product catalyzed by (/.*., chorismate). Thus, this transformation/ 

1 5 complementation is used with the T. gondii cDNA library system or a construct which 
contains some or all of the chorismate synthase gene to transform the AroC mutant. 
Functional enzyme is then demonstrated. 

J - Immunizations Of Mice For Polyclonal Antibody Production : 

As an alternative approach if complementation studies are unsuccessful and the 
20 monoclonal antibodies to a plant protein are not cross reactive, purified plant protein is 
used to immunize mice lo raise polyclonal antibodies to each enzyme. Where 
necessary, aiuibodics to the pertinent enzymes arc generated in mice, ND4 outbred 
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mice are immunized with 20 ug of enzyme emulsified in Titermax complete adjuvant 



injected intramuscularly into their gluteal muscle. Two weeks later mice are immunized 
with a further 20 ug of enzyme emulsified in Titermax. After a further 2 weeks mice 
receive a further boost of enzyme alone in PBS by the intraperitoneal route. Mice are 
5 bled and the serum tested for specificity by the standard Western blotting technique. 
K. Immunofluorescence 

Antibodies used to identify enzymes in the Apicbmplexan metabolic pathways 
disclosed here are used for immunofluorescence studies. Examples are demonstration 
of alternative oxidase in T, gondii by immunofluorescence assay (IFA). T. gondii 
10 alternative oxidase is immunolocalized to mitochondria. 
L. ELISAs 

ELISAs are used for documenting the presence and quantitating the amounts of 

alternative oxida se 

M. Reporter Constructs To Demonstrate Organdie Targeting Arc Made And 
15 Characterized As Described Using B Glucoronidasc Or Other Chimeric 

Constructs 

Importance of the targeting sequence for localization of the enzyme to an 
organelle is demonstrated with immunoelectronmicroscopy. Organelle targeting 
sequences in proteins expressed in bacteria which lack the organelle cause misfolding of 
20 proteins and thereby impair protein function 

A useful reporter protein for a chimeric construct is P glucoronidnsc. expressed 
in K. ath under control of the 355 promoter of cauliflower mosaic vims The 
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glucuronidase alone without the transit sequence is expressed in parallel. The transit 
peptide construct is found in the plastid. The control glucoronidase is found in the 
cytoplasm. Antibodies to the chorismate synthase protein are also used to detect the 
presence of the product of the gene (with the transit sequence) in the plastid and the 
5 product of a construct (in which the transit sequence is not present) in the cytoplasm 
only. Further mutations and deletions are made which identify the minimal transit 
sequence using the same techniques as described above for the entire peptide. 
Antisense, ribozyme or intracellular antibodies directed against the transit sequence 
nucleic acid or translated protein are useful as medicines. The amino acid of micleic 
10 acid which encodes the transit sequences are the bases for development of diagnostic 
reagents and vaccines. 

N- Modifications of Inhibitory Compounds to Improve Ornl Absorption 
Tissue Distribution f especially to brnin nnd eve). 

Tissue distribution is characterized using radiolabeled inhibitor administered to 
15 mice with its disposition to tissues measured. Compounds are modified to improve oral 
absorption and tissue distribution. 

O. Methods to Demonstrate Protection Agninst Conjoint Infections 

Infections arc established and influence of an inhibitor or combination of 
inhibitors on outcomes arc as outlined below. 
20 Infections: Infections with Toxoplasma gondii, Pneumocystis curinii, Mycobacterium 
tuberculosis. Mycobacterium avium intracellular and Cryptosporidium parvum are 
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established alone and together using an immunosupprcssed rodent model. Endpoints 
in these infections are: 

Survival: Ability of an inhibitor to protect, measured as prolonged survival. 
Parasitemia: This is measured using isolation of mRMA and RT-PCR with a 
5 competitive inhibitor for quantitation. 

Tissue Parasite Burden: This is determined by quantitating brain and eye cyst numbers. 
Inflammatory Response: This is noted in histopathologic preparations. 
Representative combinations of inhibitors are NPMG and sulfadiazine, SHAM and 
atovaquone, NPMG and pyrimethamine, NTPMG and SHAM. 
10 P. Testing of Antimicrobial Compounds 

Presence of inhibitory activity of new antimicrobial compounds is tested in 
enzymatic assays, in vitro, and /// vivo assays as described above and in the literature. 

Q. . Efficacy. Snrcty...Plinrninkokinetics. and Therapeutic/Toxic Index — 

The testing in murine models includes standard Thompson tests. Testing of 
15 antimicrobial agents for efficacy and safety in primate models for malaria is performed. 
Dosages are selected based on safety information available from data bases of 
information concerning herbicides and the literature. Measurements of serum and 
tissue levels of antimicrobial compounds are performed using assays which detect 
inhibitor concentrations and concentrations of their metabolites Representative assays 
20 are high performance liquid chromatography, and assaying usmes for percentage of 
radiolabeled compounds administered using liquid scintilla? i;:: and other assays also 
are used. 
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R. Carcinogenicity nnri Teratogenicity 

Standard assays to evaluate carcinogenicity include administration of medicines 
as described above to rodents and observation of offspring for teratogenic effects and 
carcinogenicity. Observation includes general physical examination, autopsy and 
5 histopathologic studies which detect any teratogenic or carcinogenic effects of 
medicines. 

S. Constructs to Measure Parasitemia 

Portions of genes are deleted and the shorter gene is used as an internal 
standard in RT PCR assays to measure amount of parasites present (Kirisits, Mui, 

10 Mack, McLeod. 1996). 

T. Vaccine Constructs and Proteins and their Administration 

These are prepared, and sensitivity and specificity are established as is standard 
in the literature and as described above. Tests and reagents include DNA constructs 
(Tine at aL % 1996) with the appropriate gene or portions of the gene alone or together. 

15 with adjuvants. Representative adjuvants include ISCON'iS. nonionicsurfactant 

vesicles, cytokine genes in the constructs and other commonly used adjuvants. Native 
and recombinant proteins also are used in studies of vaccines. Protection is measured 
using immunologic /// vitro assays, and by assessing survival and reduction of 
parasitemia and tissue parasite burden and prevention of congenital infection (McLcoci 

20 ctul. % I9SS) 
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U. Prennraiion of Diagnostic Test Reagents nnri Diagnostic Tests: 

These assays are as described (McLeod and Boyer, 1996). They include 
ELISAs in which antibodies to the proteins or peptides and recombinant proteins are 
used and PCR methodology in which primers to amplify DNA which encodes the 
5 enzymes or parts of this DNA are used. A test useful in an outpatient setting is based 
on conjugation of a monoclonal antibody to human red blood cells with antibody to 
peptides or proteins. The red cells are cross linked if the antibody to the parasite 
component interacts with the parasite component and agglutinates the red cells in the 
blood sample. ELISA and PCR can be utilized with samples collected on filter paper 
10 as is standard in Newborn Screening Programs and also facilitates outpatient and field 
use. 

V. Atuiscnse 

- ■ r Ann'senser oligonuGleotidesTarershoarsynthetic-stretches of DN A and RNA- 

designed to block the action of the specific genes described above, for example, 

1 5 . chorismate synthase of T. gondii or P. falciparum, by binding to their RNA transcript. 
They turn oft* the genes by binding to stretches of their messenger RNA so that there is 
breakdown of the mRNA and no translation into protein. Antisense reagents have 
been found to be active against neoplasms, inflammatory disease of the bowel (Crohn's 
Disease) and HIV in early trials. Antisense oligonucleotides directed against the 

20 nucleic acid* which encode the essential parasite metabolic process described herein 
are effective medicines to neat these infections Antisense oligonucleotides also are 
directed aga;:>i transit sequences in the genes Antisense will not contain cylosine 
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nucicotides followed by guanines as this generates extreme immune responses (Roush, 
1997). Ajitisense oligonucleotides with sequence for thymidine kinase also is used for 
regulatable gene therapy. 

\V. Ribozvmcs nnd Other Toxic Compounds 
5 Ribozymes are RNA enzymes (Mack, McLeod. 1996) and they and toxic 

compounds such as ricins (Mahal et al, 1997) are conjugated to antisense 
oligonucleotides (see V, DNA), or intracellular antibodies (see X, for proteins), and 
these constructs destroy the enzyme. 
X. Intrncellulnr Antibodies 
10 Intracellular antibodies are the Fab portions of monoclonal antibodies directed 

against the enzymes or portions of them (e.g., anti-transit sequence antibodies) which 
can be delivered either as proteins or as DNA constructs, as described under vaccines. 
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Y. Development of New Antimicrobial Compounds Based on Lead 
Compounds 

The herbicide inhibitors comprise lead compounds and are modified as is 
standard. For example, side chain modifications or substitutions of groups are made to 
5 make more active inhibitors. Their mode of action and structure as well as the enzyme 
and substrate structures are useful in designing related compounds which better 
abrogate the function of the enzymes. Examples of such substrate or active site 
targeting are described above. 

Native or recombinant protein is used in enzymatic assays and in vitro assays 

10 described above are used to test activity of the designed newly synthesized 
compounds Subsequently, they will be tested in animals. 
Z. Trials to Demonstrate EfTlcncv for Hum .in Disease 

- - ^Trialsrto-demonstrate-eftlcacy-for4iuman-dis — 

and murine and primate studies indicate highly likely efficacy and safety. They are 

1 5 standard Phase I (Safety), Phase II (small efficacy) and Phase III (larger efficacy with 
outcomes data) trials. For medicines effective against T. gondii tachyzoites, resolution 
of intracerebral Toxoplasma brain abscess in HIV-infected individuals with no other 
therapeutic options available due to major intolerance to available medicines is the 
initial strategy for Phase 11 trials. For medications effective against 7*. gondii 

20 bradyzoites. absence of development of toxoplasmic encephalitis in individuals with 
I I! V infection and individuals who arc seropositive for 71 gondii infection followed 
alter a oiu>m<«nth treatment for a 2 year peril*;! v. hen their CD-I counts are km 
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Effective medicines demonstrate efficacy, as 50% of such individuals otherwise 
develop toxoplasmic encephalitis. When medications efficacious against bradyzoites 
and recrudescent toxoplasmic encephalitis in patients with AIDS are discovered and 
found to be safe, similar trials of efficacy and safety for individuals with recurrent 
5 toxoplasmic chorioretinitis are performed. 
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DEFINITIONS 

3-dcoxy-d-arabino-hcptuloonatc 7 phosphate synthase: An enzyme which 
functions in chorismate synthesis. 

3-cnolpyruvyshikimatc phosphate synthase (3-phosphoshikimatc-l- 
5 carboxyvinyltransferase): An enzyme which functions in chorismate synthesis. 

3-NPA: An inhibitor of isocitrate lyase in the glyoxylate pathway and also of succinate 
dehydrogenase. 

3-oxtaprenyl-4-hydroxybcnzoatc carboxylase: An enzyme which functions in 
ubiquinone synthesis. 
10 4-hydroxybcnzoate octn prenyl transferase: An enzyme which functions in 
ubiquinone synthesis. 

8-OH-quinoline: An inhibitor of the alternative oxidase. 

Abscissic Acid Metabolism in Plants: A 15-carbon sequiterpenoid synthesized 
partly in plastids by the mevalonic acid pathway. Abscissic acid protects plants against 
15 stress and is-a marker of the plant's maturation and activation of transcription, and 
causes dormancy. Inhibits protein synthesis and leads to specific activation and 
deactivation of genes. 

Acelohydroxy acid synthase: Enzyme which catalyzes production of acetohydroxy 
acids (the branched chain amino acids valine, leucine and isoleucine in plants). 
20 Alternative oxidase: An enzyme important in the alternative pathway of respiration. 
There arc examples of alternative oxidases in plants and trypanosomcs (Pollakis cf <#/., 
1005: Rhonds^ Mcintosh. 1092 Clarkson a (//.. I9W) 
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Alternative respiration or energy generation: A different pathway for energy 
generation utilizing the alternative oxidase and election flow in the electron transport 
chain which is not dependent on conventional cytochromes or heme. 
Altered gene includes knockouts. 
5 Amide: The R portion of the amino group has an amino group connected to a 
carbonyl carbon. Glutamine and asparaeine are amides. Important for nitrogen 
transport and storage. 

Amylopcctin: A branched starch of plants. AJso found in T gondii bradyzoites. 
Amyloplnst: Storage granule for starch in plants. Derived from chloroplasts. 
10 Amy lose: An unbranched starch of plants. 

Anabolism: Formation of large molecules such as starch, cellulose, proteins, fats and 
nucleic acids from small molecules. Requires input of energy. 

Anthranilaic phosporibolsyltransfcrasc: An enzyme which functions in tryptophan 
synthesis. 

I 5 .Anthranilaic synthase component I: An enzyme which functions in tryptophan 
synthesis. 

Antliranilatc synthase component II: An enzyme which functions in tryptophan 
synthesis. 

Antimicrobial agent: A chemical, for example a protein or antisense nucleic acid 
20 which effectively inhibits or kills a pathogenic microbe. There arc examples (Schwab 
eta/., 1094. Strath ciaL. 1993; Becker> .7 <//.. 1995. Blnis ei a/.. 1993; Fichcra cr ai. 



BNSDOCID: <WO 00681 54A2_I_> 




PCT/US00/11478 



1995; PfefTerkorn & Borotz, 1994; Pfefferkorn c( ai % 1992; Pukivittaykamee etaL % 
1994). 

Apicomplcx: The common feature of Apicompiexan parasites including a conoid and 
rhoptry organelles and micronemes at the apical end of the parasite. 
5 Apicompiexan parasite: A microorganism that belongs to the Apicompiexan group of 
parasites. These parasites share a number of morphologic features, including a conoid 
and rhoptry which are organelles in the cytoplasm at the apical end of the organism and 
piastids which are multilamellar structures. Representative examples of Apicompiexan 
parasites include Toxoplasma gondii, Plasmodium, Cryptosporidia and Einicria. 
10 Aromatic acid amino transferase (aromatic transaminase): An enzyme which 
functions in tyrosine synthesis. 

Aspartate, glutamatc and glutaminc synthesis: Involve glutamine synthase and 
grulaTTTaTFs^heT^^ 

is inhibited by the herbicide glufosinate (2 amino-4-[iwdroxymethylphosphinyl) 
15 butanoic acid. Glutamine synthase also is present in animals. 

ATP-pliosphofructokinasc: (ATP-PFK) May exert control over glycolytic pathway 
because a step when hexoses phosphate cannot also be used to form sucrose or starch. 
Nearly all animals lack PPi-PFK with plant-like substrate specificity (i.e. PPi, not 
ATP). 

20 Auxins: Growth regulators in plants, which are tryptophan derivatives. Herbicides 
modeled on auxins arc structural mimics of these compounds rather than inhibitors of 
auxin function 



BNSOOCID: <WO 00661 54A2_I_> 



WO 00/66154 




PCT/US00/11478 



Biochemical pathways: Biochemical pathways include metabolic pathways. Any 
chemical reaction in life. Herein "biochemical pathways" and "metabolic pathways" are 
used interchangeably. 

Bradyzoite: The slowly replicating life cycle stage of the Apicomplexan parasite 
5 Toxoplasma gondii. This stage is responsible for latent and recrudescent infection due 
to this parasite. The morphologic features which characterize this parasite stage are 
electron dense rhoptries and amylopectin granules. Bradyzoites contain a plastid 
organelle as do other life cycle stages of this parasite. This parasite stage also has 
specific antigens which other life cycle stages do not have, including bradyzoite surface 
10 antigen 4 and bradyzoite antigen 5 (lactate dehydrogenase); which is an intracellular 
and cyst matrix antigen. Bradyzoites exist together in a structure called a cyst which 
has a cyst wall and matrix. Cysts contain a few to thousands of bradyzoites. The cyst 
containing bradyzoites is a major means of transmission of the organism Toxoplasma 
gondii when it is ingested in meat which is not cooked to well done. It is also a form of 
1 5 the organism responsible for recrudescent eye and brain disease in infants and children 
who are concenitally infected with the parasite and also in patients whose immune 
system is not normal. 

Branched chain amino acid synthesis (valine, leucine and isoleucine) involving 
acetohydroxy acid synthase, is the first of the series of reactions, is another metabolic 
20 pathway present in plants but not in animals. 

Branched chain amino acids: Amino acids (valine, leucine ar.d isoleucine), the 
synthesis ol v.hich can be inhibited by sulfonylurea and imidazolinonc herbicides 
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There are examples in plants (Kuriki ci a/., 1996; Morell cfaL. 1997; Kortostee el at. t 
1996; Gruiatva/, 1995; Khoshnoodi ct al.. 1996). 

Branching or Q enzyme: Forms branches in amylopectins between C6 of the main 
chain and CI of the branch chain. 
5 Catnboiism: Degradation or breakdown of large molecules to small molecules, often 
releasing energy. 

Calmodulin: is a calcium binding protein (Robson et ai % 1993) 

Catechol 1,2-deoxygenase (phenol hydroxylase): An enzyme which functions in 

phenylalanine synthesis. 
10 Chloroplast: A DNA-containing multilamellar organelle of plants and algae 

associated with metabolic pathways important for photosynthesis and other energy 

production. Chloroplasts utilize proteins encoded in their own DNA and also proteins 
eneoded~by r nuelear1DNA— - = ™=^~ — — - r.— — = — — 

Chorismate: The product of the action of the enzyme EPS? synthase on shikimate. 
1 5 Chorismate lyase: An enzyme responsible for the conversion of chorismate to 

3 ,4-dihydroxybenzoate. 

Chorisiuatc mutase (7-phospho-2-dchydro-3-dcoxy-arabino-hcptulalc-aldolasc): 
An enzyme which functions in chorismate synthesis. 

Chorismate synthase: An enzyme responsible for the conversion of 3-phospho 5- 
20 enolpyruvyl shikimate to chorismate. 

Cliorismntc: The product of the action of the enzyme EPSP synthase on shikimate. 
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Competitive inhibitors: Structures sufficiently similar to the substrate that they 
compete for the active site of the enzyme. Addition of more natural substrate 
overcomes effect of the inhibitor. 

Components: includes nucleic acids, proteins, peptides, enzymes, peptide targeting 
5 sequences, transit peptides, carbohydrates, starch, lipids, hormones, for example those 
listed in Table 1 and other constituents of metabolic pathways or products derived 
from these components. 

Conventional energy generation: Usual pathways of generation of energy in 
mitochondria utilizing cytochromes for the transfer of electrons. 
10 Conversion of Fats to Sugars in Plants: Occurs by oxidation and the glyoxylate 
cycle. 

Cryptosporidiosis: The disease due to the Apicomplexan parasite Cryptosporidium 
parvum. It causes self-limited diarrhea or no symptoms in immunologically normal 
individuals. In individuals who have immunocompromising illnesses, such as the 
1 5 acquired immune deficiency syndrome, Cryptosporidiosis causes life-threatening, 
persistent, copious, watery diarrhea. 

Cryptosporidium parvum: Cryptosporidium parvum is an Apicomplexan parasite 
which causes cryptosporidiosis. 

Cyanide-insensitive, non-hciuc "alternative" oxidase is a metabolic activity that is 
20 found in most cukaryotic plants and algae and is absent from multicellular animals. The 
alternative oxidase is a single polypeptide enzyme that lacks heme and can serve as the 
terminal election acceptor to support respiratory giowih of A. coh in the absence ol 
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heme. The coupling efficiency of this oxidase is lower than thai of the cyanide-sensitive 
cytochrome oxidase. That is, not as many protons are pumped across the 
mitochondrial inner membrane in parallel with electron transfer through the alternative 
oxidase as they are through the cyiochrome oxidase. The alternative oxidase appears 
5 to be used by plants and algae only under certain conditions. The alternative oxidase 
also is used during different life-cycle stages or under different environmental 
conditions. Thus, inhibitors of the alternative oxidase may act cooperatively or 
synergistically with GSAT inhibitors. 

Cyclolicxadicnyl dehydratase: An enzyme which functions in phenylalanine 
10 synthesis. 

Cyclolicxadicnyl dehydrogenase: An enzyme which functions in tyrosine synthesis. 
Cytochrome oxidase: An enzyme utilized in the conventional pathway of energy 
generation":" 1 * ~ 

Dcliydroqtiinatc dehydratase: An enzyme which functions in chorismate synthesis 
1 5 Dcoxyribonuclcascs: Enzymes which are hydrolases which hydrolyze DNA 
(phosphate esters) 

Eimcria bovis: Causes bovine eimeriosis. 

Eimcria maxima and Eimcria fcnclln: Cause eimeriosis in chickens. 
Eimcria: A group of Apicompiexan parasites which cause gastrointestinal disease in 
20 agriculturally important animals including poultry and cattle. These economically 
important parasites include Eimcna tcnclia. E. maxima and hovts 
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Endosymbiont: An organism which is taken up by another organism and then lives 
within it. 

Enzyme: A protein which catalyzes (makes more rapid) the conversion of a substrate 
into a product. Enzymes are catalysts which speed reaction rates generally by factors 
5 between 10 s and 10 20 . They may require ion or protein cofactors. Control is by 
products and environmental changes. There are more than 5000 enzymes in living 
systems. Enzymes are named with common or trivial names, and the suffix-ase which 
characterizes the substrate acted upon (e.g., cytochrome oxidase removes an electron 
from a cytochrome). Sequential series of steps in a metabolic, pathway. Enzymes that 
10 govern the steps in a metabolic pathway are sometimes arranged so that a kind of 
assembly-line production process occurs. 

EPSP synthase: An enzyme important in the conversion of shikimate to chorismate. 
EST: Expressed sequence tag; a short, single pass cDN A sequence generated from 
randomly selected library clones. 
1 5 Eukaryotc: Microorganism or phylogeneticaliy higher organism, the cells of which 
have a nucleus with a limiting membrane. 

Fatly Acid Synthesis in Plants: Occurs in chloroplasts of leaves and proplastids of 
seeds and roots. Mainly palmitic acid and oleic acid. AcetyICo A carboxylases differ in 
plants and animals. Linoleic acid synthase and linoleneic acid synthase are lipid 
20 synthases present in plants and not animals 
Glycolysis -> pyruvate — >acciyl CoA 
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Example: 

8 acetyl CoA +7 ATP 5 *+ 14 NADPH + l+H'^ palmityl CoA + 7 CoA + 7ADP 2 * + 
7H 2 P04 + I4NADP* + 7H 2 0. 

Fragment: Refers to a sequence of nucleic acids or aminoacids, where a fragment is 
5 sufficient to function as a component of or product derived from an Apicomplexan as 
defined herein. 

Gabacuiine: An inhibitor of the enzyme GSAT in the heme synthesis pathway. 
Gene: Nucleotide sequence which encodes an amino acid sequence or another 
nucleotide sequence. 

10 GibcrcIIin Metabolism in Plants: Plant hormones which promote plant growth, 
overcome dormancy, stimulate GI to S transition and shorten S phase of cell cycle, 
increase hydrolysis of starch and sucrose into glucose and fructose. They are 

- = derivatives of ent-gibbereliane skeleton synthesized from a 2acetyl CoA to mevalonic^ 

acid to isopeniernyl pyrophosphate to 4 isopentenyl pyrophosphate to geranylgeranyl 

1 5 pyrophosphate to copalylpyrophosphate to kaurene to kaurenol to keaurenal to 

kaurenoic acid to GA, 2 aldehyde to other giberellins. These functions are not clearly 
established but it is hypothesized that hydrolysis of starch to sugar occurs by inducing 
formation of amylase enzymes, Isoprenoid compounds, diterpenes synthesized from 
acetate units of acetyl coenzyme A by mevalonic acid pathway stimulate growth. 

20 Inhibitors of giberellin synthesis include phosphon D. Amo 16 IS (blocks conversion of 
gcranyl pyrophosphate to CO palylpyrophosphaic). phosphon D, which also inhibits 
conversion of (oxidation) formation of Kaurcnc. CCC or cycoccl, ancymuiol. and 
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pactobutrazol (blocks oxidation of karene and kaurcnoic acid). Young leaves arc 
major sites for giberellin synthesis. These plant hormones which induce hydrolysis of 
polysaccharide into hexoses are used in glycolysis. When hexoses are abundant, 
glycolysis is more rapid. 
5 Glutnmyl-tRNA reductase: An enzyme which functions in heme synthesis. 
GIutamyl-tRNA synthetase: An enzyme which functions in heme synthesis. 
Glycolysis in Plants: Several reactions of glycolysis also occur in plastids. Glycolysis 
= lysis of sugar; degradation of hexosis to pyruvic acid in plants. In animals, 
degradation of glycogen (animal starch) to pyruvate. Plants form no glycogen. 

10 Glyoxylate pathway: The pathway important for lipid degradation which takes acetyl 
Co A and converts it to CoA-SH through the conversion of isocitrate to C4 acids 
including succinate. This pathway utilizes isocitrate lyase and also converts glyoxylate 
to malate, a reaction catalyzed by the enzyme malate synthase. The glyoxysome or 
Glyoxylate pathway which is cytoplasmic in certain algae involves isocitrate lyase and 

15 malate synthase to metabolize lipids and provide C4 acids. A metabolic distinction 

between autotrophic eukaryotes and heterotrophs is the presence of a glyoxylate cycle. 
This cycle employs two enzymes, isocitrate lyase and malate synthase, to bypass the 
two decarboxylation steps of the TCA cycle and enables the utilization of carbon stored 
in fatty acids . for growth. In plants, the enzymes of the glyoxylate cycle are 

20 compartmentalized within a unique single-membrane-bound organelle, the glyoxysome. 
In certain ataae. the cycle is entirely cytoplasmic In plants, these enzymes arc most 
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abundant during germination and senescence. In animals, the glyoxylate cycle enzymes 
have been described as being present only during starvation. 

Glyoxysome: An organelle which in some instances contains enzymes important in the 
glyoxylate cycle. 

5 GSAT: Glutamate-I semialdehyde aminotransferase is the enzyme important in heme 
synthesis for the conversion of glutamate semialdehyde to ALA (5-aminolevulinic acid). 
Heme synthesis pathway: A metabolic pathway important for generation of heme, 
porphyrins and other iron sulfated proteins used in mitochondria in the conventional 
pathway of energy generation. This pathway occurs in plant chloroplasts and uses the 

10 nuclear encoded enzyme GSAT. A metabolic distinction between plants and animals 
occurs in the heme biosynthesis pathway. Non-photosynthetic eukaryotes, including 
animals, yeast, fungi and protists, produce 8-aminolevulinic acid (ALA), the common 
■ — ^precursorof-hemebiosynthesis 7 by-^ 

phoiosynthetic organisms, including plants, algae and cyanobacteria, E. coli and some 

1 5 . other bacteria synthesize ALA from glutamate (a 5-carbon pathway). Btg/ena utilize 
both condensation of glycine and succinate and the 5 carbon pathway to produce 6- 
aminolevulinic acid. T. gondii also has the .ALA synthase which results in formation of 
heme by condensation of glycine and succinate, as does P. falciparum (Surolia and 
Padmanaban. 1992) Expression of this enzyme is developmcntally regulated. For 

20 example, in plants. GSAT is most abundant in the leaves There arc examples in plains 
(Matters <£ Beale. IQ95. Elichr/ ai. 19SS) 
Herbicide: \ compound which kills plants or aluac 
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Hydrolases: Enzymes which break chemical bonds (e.g., amides, esters, glycosides) by 
adding the elements of water. 

Intidazolinones: Inhibitor of acetohydroxy acid synthase (an enzyme involved in the 
synthesis of branched chain amino acids, a pathway not in or rarely present in animals, 
5 Indolc-3-glycerol phosphate synthase (anthranilatcisomerasc), (indolcglyccrol 
phosphate synthase): An enzyme which functions in tryptophan synthesis. 
Inhibitor: A compound which abrogates the effect of another compound. 
A compound which inhibits the replication or survival of a microorganism or the 
function of an enzyme or key component of a metabolic pathway or otherwise 
10 abrogates the function of another key molecule in a microorganism or other organisms 
or plant. 

isocitratc lyase: An enzyme which functions in glyoxylate cycle. 

Isomcrascs: Enzymes which rearrange atoms of a molecule to form a structural 

isomer. 

15 Isoprcnoid Metabolism in Plants: Terpenes are isoprenoids that lack oxygen and are 
pure hydrocarbons; 5 carbon units with some of the general properties of lipids. 
Giberellins and abscidic acid are others of this vast complex of compounds not found 
in animals. 

Isoprene units (head) are CH 2 - CH3C = CH - CH> (tail) and are synthesized entirely 
20 from acetate of acetyl CoA and restricted to plants. Synthesized by mevalonic acid 
pathway because mcvalonatc is an important intermediate. 
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Kitinscs: A subclass of transferases which transfer phosphate groups, especially from 



Latency: The dormant form of the parasitic infection. One example is with 
Toxoplasma gondii in which the infection is not active and the parasite is primarily 
5 within cysts in the bradyzoite phase of the life cycle. Another example is the 
hypnozoite phase of Plasmodium falciparum. 

Ligases or Synthetases: Enzymes which join two molecules coupled with hydrolysis 
of ATP or other nucleoside triphosphate. 

Lipases: Enzymes which are hydrolases which hydrolyze fats (esters) 
10 Lipid and terpene synthesis associated with plant plastids. Also see fatty acid 
synthesis and terpenes. 

Lysascs: Enzymes which form double bonds by elimination of a chemical group. 
A/a/ar/7r:_ Disease due-to pathogenic Plasmodia. Examples are Plasmodium 

falciparum, Plasmodium vira\\ Plasmodium ovale, Plasmodium malaria, in humans 
1 5 and Plasmodium knowlesii in monkeys. 

Malatc synthase: An enzyme which functions in glyoxylate cycle. 

Metabolic pathways: Both anabolism and catabolism consist of metabolic pathways 

in which an initial Compound A is convened to another B, then B is convened to C. C 

to D and so on until a final product is formed. In respiration, glucose is the initial 
20 compound, and CO : and H;0 arc the final products. There are approximately 50 

distinct reactions in respiration but other metabolic pathways have fewer reactions 



ATP. 
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Herein the phrases "metabolic pathways" and "biochemical pathways" are used 
interchangeably. 

Metabolism: Chemical reactions that make life possible. Thousands of such reactions 
occur constantly in each cell. 
5 Microbes: Organisms which are visible only with use of a microscope. Some cause 
disease (are pathogenic). 

Microbicidal: An agent (e.g., an antibiotic or antimicrobial compound) which kills 
microbes. 

Mitochondria: An organelle responsible for the generation of energy. 
10 Multilamellar: An adjective which refers to the multiple membranes within an 
organelle. 

Noncompetitive inhibitors: Combine with enzymes at sites other than active site. 
"Not involve": Are not a starting point, a component, or a product of the metabolic 
pathways described in relation to this invention. 
15 NPMG: An inhibitor of EPSP synthase in the shikimate pathway. 

Nucleic Acid: Deoxyribonucleic acid and ribonucleic acid molecules are constructed 
of a sugar phosphate backbone and nitrogen bases; important in the encoding, 
transcription and synthesis of proteins. 

Oocyst: A life cycle stage of a parasite. c\£.. Toxoplasma gondii that contains 
20 sporozoitcs T. gondii sporozoiies and oocysts form only in the cat intestine. This 
form of the parasite is able to persist in nature in warm, moist soil for up to a year and 
is highly infectious Sporulation occurs several days after excretion of oocysts by 
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membcrs of ihe cat family (e.g., domestic cats or wild cats such as lions or tigers). 
Sporulation must occur before the oocyst becomes infectious. 

Organelle: A structure within a cell. Examples are plastids, mitochondria, rhoptries, 
dense granules and micronemes. 
5 Oxidorcductases (oxidases, reductases, dehydrogenases): Remove and add 

electrons or electrons and hydrogen. Oxidases transfer electrons or hydrogen to 0 2 
only. 

Paraminobcnzoic acid (PABA): A product of the shikimate pathway in plants. 
Parasite: .An organism which lives in or on a host for a period of time during at least 
10 one life-cycle stage. 

Phagcmid: Plasmid packaged within a filamentous phage particle. 

Phosphoribosyl antliranilate isomcrasc: An enzyme which functions in tryptophan 

" syntHesisT^" - " ~ : ~ " T ~~ 

Plant-like: Present in algae and higher plants, but not or only rarely, or in unusual 

1 5 circumstances in animals. 

Plasmodium falciparum: One species of Plasmodium which causes substantial human 

disease. 

Plasmodium kimwlcsii: A species of Plasmodium which causes malaria in monkeys. 
Plastid: A multilamellar organelle of plants, algae and Apicomplexan parasites which 
20 contains its O'.vn DNA separate from nuclear DNA. Plastids have been described in 
studies of Apicomplexan parasites which used electron micrographs (Siddall, 1992, 
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Williamson t'/ a/., 1994; Wilson at a/., 1991 ; Wilson ct at. , 1994; Wilson a/., 1996; 
Hackstein t'/<i/., 1995; McFadden etaL. 1996). 

Polymerases: Enzymes which link subunits (monomers) into a polymer such as RNA 
or DNA. 

5 PPi phosphofruclokinasc Type I : An enzyme present in plants that functions in 
glycolysis and in a number of organisms regulates glycolysis. In plants and protozoans 
PPi, not ATP (as in animals) is utilized to synthesize Fru-1-6P 2 from Fru 6P. Activity 
is not stimulated in protozoa by Fru-2-6-P 2 (Peng & Mansour, 1992; Denton et aL, 
1996a 1 b). 

10 Prcphcnalc dehydratase (phenol 2-nionoxygcnasc): An enzyme which functions in 
phenylalanine synthesis. 

Prcphcnntc dehydrogenase: An enzyme which functions in tyrosine synthesis. 
Product: The end result of the action of an enzyme on a substrate. 
Prosthetic group: Smaller organic nonprotein portion of 3n enzyme essential for 
15 catalytic activity. Flavin is an example. 

Proteinases: Enzymes which are hydrolases which hydrolyze proteins (peptide bonds). 
PS II: Important alternative means for producing energy within chloroplasts and 
apparently also described as being present in Apicomplexans. 

Pyrimethamine: An inhibitor of the conversion of folate to folinic acid and thus an 
20 inhibitor of nucleic acids production effective against Toxoplasma gondii. 

Recrudescence: Reactivation of the parasite Toxoplasma gondii from its latent phase 
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Rcspiralton: Major catabolic process that releases energy in all cells, it involves 
breakdown of sugars to CO2 and H2O. 

Ribonuclcnses: Enzymes which are hydrolases which hydrolyze RNA (phosphate 
esters). 

5 Salicylic Acid Metabolism in Plants: Salicylic acid is a plant hormone which 
promotes activity of cyanide resistant respiration. 
SHAM: An inhibitor of the alternative oxidase. 

Shikimatc dehydrogenase: An enzyme which functions in chorismate synthesis. 
Shikimatc kinase: (shikimate 3-phosphotransferase) An enzyme which functions in 

1 0 chorismate synthesis. 

Shikimatc pathway A pathway that involves the conversion of shikimate to 
chorismate and subsequently the production of folate, aromatic amino acids, and 
ubiquinone. This pathway contains enzymes which lead to production of folic acid, 
ubiquinone, and aromatic amino acids. Folate, ubiquinone, and aromatic amino acids 

1 5 . are products derived from this pathway in plants. There is sequential use of products of 
these pathways as reactants in subsequent enzymatically catalyzed reactions. For 
example, ubiquinone is an essential coenzyme for both conventional and alternative 
respiration. There are examples in plants, bacteria and fungi. (Bornemann et aL. 1995: 
Marzabadi eta/.. J 996; Ozenbergcr ctai, 19S9; Shah da/.. 1997; Gilchrist & Kosuge. 

20 I9S0; Walsh et aL t 1990; Weische & Leisterner, I9S5; Green et <?/., 1992; Young 
et <//.. 1971 ) 

Shikimate: The subsume for U'SP synthase 
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Sporozoitc: Another phase of the life cycle of Toxoplasma gondii which forms within 
the oocyst which is produced only within the cat's intestine. A highly infectious form 
of the parasite. 

Stage specific: A characteristic of the parasite which is expressed or present only in a 
5 single life cycle stage or in some but not all life cycle stages. 

Starch Degradation in Plants: 3 enzymes: a amylase (attack 1, 4 bonds of 
amylopectin (to maltose) and amylase (to dextrin). Many activated by Ca++. Located 
in chloroplasts. p amylase hydrolyzes starch to maltose; starch phosphorylase 
degrades starch beginning at nonreducing end. (Starch + H2P04 glucose + - 
10 Phosphate) Only partially degrades amylopectin debranching enzymes hydroxy 1.6 
branch linkage in amylopectin. Hexoses cannot move out of chloroplasts or 
amyloplasts thus must be converted to triose phosphate (3-PG aldehyde and 
dehydroxyacetone P), sucrose + LTDP **- fructose + UDP-glucose, *= sucrose 
synthase 

15 .Starch Formation in Plants: Animals store starch as glycogen and plants store starch 
as amylose and amylopectin. Starch synthesis is dependent on starch synthase and 
branching Q enzymes. Mutations in genes encoding these enzymes lead to diminished 
production of starch. In addition, amylopectin synthesis predominates in plant mutants 
without UDP-glucose-starch glycosyl transferase whereas wild type plants with this 

20 enzyme make predominantly amylose and a smaller amount of amylopectin. In the 
mutant UDP-gkicosc-siarch glycosyl transferase appears to be transcriptionally 
regulated Amino acid motifs that target proteins to plant plastid organelles have been 
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identified in UDP-glucose starch glycosyl transferase, as have other motifs that 
determine transit into plastids and mitochondria and these have been used to target the 
transported proteins in plants. Reactions include: ADPG + small amylose (in glucose) 
♦-larger amylose (N+l glucose units)+ADP,*= starch synthase K+. Branching or Q 
5 enzymes form branches in amylopectins between C6 of the main chain and CI of the 
branch chain. There are examples in plants (Abel el ai t 1996; Van der Leif el ai y 
1991; VanderSteegee/a/., 1992). 

Starch synthase: catalyzes reaction: ADPG + small amylose (n-giucose units) 
larger amylose n+l glucose units + ADP and is activated by K+. Thus, sugars not 

10 starch accumulate in plants deficient in K+. 

Starch: Major storage carbohydrate of plants, used for energy regeneration. Two 
types composed of D glucose connected by K 4 bonds which cause starch chains to 
coil into helices The two types are amylose and amylopectin. Amylopectin is . highly _ 
branched with the branches occurring between C-6 of a glucose in the main chain and 

1 5 C- 1 of the first glucose in the branch chain (-1.6 bonds). Amyloses are smaller and 
have fewer branches. Amylopectin becomes purple or blue when stained with iodine- 
potassium-iodine solution. Amylopectin exhibits a purple red color. Control of starch 
formation is by K+ and a light activated sucrose phosphate synthase enzyme, invcrtase 
enzymes and the allosteric effect of fructose 2. 6 phiphosphatc adenosine 

20 diphosphoglucose (ADPG) donates glucoses to form starch. Starch in amyloplasts is a 
principal respirator) substrate for storage organs 
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Substrntc renctant: Enzyme substrates have virtually identical functional groups that 
are capable of reacting. Specificity results from enzyme substrate combinations similar 
to a lock and key arrangement. 

Substrate: The protein on which an enzyme acts that leads to the generation of a 
5 product. 

Sucrose Formation Reactions in Plants: UTP+glucose 1 phosphate ~UDPG+PPi 
PPi+H 2 0 +2 Pi 

UDPG+fructose 6 phosphate^sucrose-6-phosphate+UDP 
Sucrose-6-PHOSPHATEH-H 2 0-sucrose+Pi 

10 UDP+ATP~UTP+ADP 

.-.glucose- 1 -phosphate+fructose 6 phosphate+2 H 2 0+ATP-sucrose 3Pi+ADP 
Sulfadiazine: An antimicrobial agent efFective against Toxoplasma gondii which 
competes with para-aminobenzoic acid important in folate synthesis. 
Sulfonylureas: Inhibitors of acetohydroxy acid synthase (an enzyme involved in the 

1 5 synthesis of branched chain amino acids, a pathway not or rarely present in animals), 
Synergy: The effect of a plurality of inhibitors or antimicrobial agents which is greater 
than the additive effect would be combining effects of either used alone. Synergy 
occurs particularly when the action of an enzyme (which is inhibited) on a substrate 
leads to a product which is then the substrate for another enzyme which also is 

20 inhibited; that is. when the enzymes are in scries or follow one another in a pathway. 
This effect occurs because the production of the first enzymatic reaction provides less 
substrate for the second reaction and thus amplifies the effect of the second inhibitor or 



BNSDCCID: <WO 00681 54A2_I_> 



WO 00/661 





PCT/USOO/11478 



- 184- 



antimicrobial agent. In contrast, an additive effect is when the effect of the compounds 
used together is simply the sum of the effects of each inhibitory compound used alone. 
This most often occurs when the pathways are in parallel, for example, when the effect 
on the first enzyme does not modify the effect of the second enzyme. 
5 Tachyzoitc: The rapidly replicating form of the parasite Toxoplasma gondii. 
Thcilcria: An Apicomplexan parasite infecting cattle. 

Toxoplasma gondii: A 3-5 micron, obligate, intracellular, protozoan parasite which is 
an Apicomplexan. 

Toxoplasmosis; Disease due to Toxoplasma gondii.. 
10 Transit (translocation) peptide sequence: Amino acid sequence which results in 

transit into or out of an organelle. These have been described in plants (Volkner & 

Schatz, 1997; Theg & Scott, 1993). Herein we also call it a "metabolic pathway," 
...although jt a JS..pan r o.CA r C0jnpo.nent.of.a. metab.ojic pathway or_may_ function „ 

independently of a metabolic pathway. 
15 Triazinc: An inhibitor of PS 11 complex. 

Tryptophan synthase alpha subunit: An enzyme which functions in tryptophan 

synthesis. 

Tryptophan synthase beta subunit: An enzyme which functions in tryptophan 
synthesis. 

20 Type 1 PPi pliosphofructoktnasc is another enzyme present in plants and there is 
different substrate utilization by phosphofructokinascs of animals 
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UDP glucose starch glycosyl transferase: An enzyme involved in production of 
amylose in plants. The absence of this enzyme leads to starch formation as 
amylopectin rather than amylose. 

USPA: Gene which encodes a universal stress protein. This has been described in 
5 E. coli (Nystrom & Neidhardt, 1992). 
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WE CLAIM: 

1 . A pharmaceutical composition having a parasite with a 
chorismate synthase gene that is knocked out. 

2. An immunogenic composition comprising an attenuated parasite 
5 of claim 1. 

3. The parasite of claim I is 7". gondii, 

4 An immunogenic composition comprising a cDNA molecule 
encoding chorismate synthase, said molecule complementary to an mRNA 
from T. gondii. 

10 5. An assay for a candidate inhibitor of T. gondii, said assay 

comprising: 

(a) adding a chorismate synthase - green fluorescent reporter 
protein construct to a parasite of the T. gondii species; 

(b) contacting the parasite with the candidate inhibitor, 
15 ( c ) comparing the amounts of green fluorescent reporter 

protein in the parasite in the presence and absence of the 
candidate inhibitor; and 
~~(d) inferring that the candidate inhibitor i7 an inhibitor of the 
parasite if there is significantly less reporter protein 
20 when the candidate inhibitor is present. 

6. A method for detecting a life cycle stage in a sample tested for 
T. gondii said method comprising: 

(a) determining an amount of chorismate synthase present in 
the sample; and 

25 (b) comparing the amount to amounts of standards 

determined from known life cycle stages. 

7. The method of claim 6, wherein the sample is derived from a 

cat. 
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Figurel3. 

1 GAAT7CTGCA STTCTITZCA ATATATCCCT CCCCACTACC CCTAGGTATT TCCCACGCAC 
61 CCCT7GCGTC ACTCGC-rGCC CTGACACACA ACCTGCACTG GCCCCCACTC GCGCGCATCC 
121 ACGG7AGAGC 7AACCA3TCT CCCATCGGCT TAGAGACGCA CACCTTTGAC TCCCGGCGCC 
131 TACGGAGACG ACGCGGACCC GTGTCTCCCC TTTTCCCTCT TTTT A CTGT A CGCTCGTAAA 
24 X ACGACTTTT7 3ACGCA3CAT GGTTCTCATC TTCTCGCTTT CAC TTTTCTT TGAGTGCCTC 
301 TCTCACACAC GGTCG77GCA ACAACAATCT CCTCCGCTCA CGCCTTTCCT CACAGTCCTG 
361 TTTTTCCTCC AG CTGT 7 AC A CATCCCGCTC GTTCCGCTGC ATCTCCTCAC ATTTCTTGCA 
421 GTCAGATGTC 7TCCTA7CGA CCCCCTCTCC GCATACACAC TTTCCCTGAA TCTCACGCCT 
481 CAGCCCTTGG GTCTA7AATC GACCCCCTCC CTCCTCGCCT CCCTCTTTCT GTCCAAGATG 
541 TTCAGCCTCA ATTAAA7CCC AGAAGACCCG GCCAAGGGCC TCTCTCGACG CAGCGGAGAG 
601 AGAAAGATCG AGTCAA TATA CTCTCCCGTC TTGAACACCG ATATACACTC GCTCACGGAA 
661 GAAACTACAG ACCTC A Z GTG CCTCTCCCAG CACATAACTG CACATTCATA TATATATATA 
7 21 CATATACAGA 7GTGTA7TTT G TGTGT AT AG TTAAGCAGAG GATGGTATTG AAAATGGCTG 
731 TCCCTGTATT rTTATTt^CC CTGTGGCGCT TTTGCAGAAG CCCCTGGGGA AACGCAAGCC 
841 CTGGCACAAG GGCTCC7GGC TAACCTTCAG AAACCGCAGT TAATAGCTCG AAACTACCGT 
901 ATCCAAACGT TCTCTTTTAT CCACACACTG TCTTGGACAC AAGCGAAGCC GAAAAGTGTC 
961 TTCCACGTGG Z G AGTTTTCG GTGACAAAAC ACACGCCCCA CTCCGTAGAA ATACCGGATC 
1021 CGAGTTTACC 7GCTGCAGGC TTCGGAACGC TGCTTTCTTC CGAAGATCGC CTCGTCCTTT 
10 81 CCATGGCAAA 7TGGAGGCTG CAAAAGTGCC CGGCGCTCCT GGCCTGCCCC ATCTGGCATC 
1141 CTCCACTGGC 7GTCTA7CGT GATCCTCGCG TCCCTTCCAA AAAATCATTT TTTTCTGCTT 
1201 CGCCTTCTCG 7TCGTG77AC CGCGATCCGT CTGCAGGTAC TCCCCTGGCG ATGCTCCTJCT 
1261 GGAATGAAGA rCGGCG37CC CAGG ACT AC C ACGCCCTCCC CACACTCCCC CGTCCAGGTC 
1321 ACGGGGATTT CACCTA3CAT CCAAACTACC ACATTCACGC GAAAAGCGGG GGCGCTCGGA 
1381 GCAGCGCGCG GGAGA77TTG GCGCGCGTCG CCGCTGGAGC AGTCGTTGAG AAGTGCCTAG 
1441 GCATGCACTA ZGCCACtACC TTCACACCTT GGGTCTGTCA GCTGAGACGA AGCCCAGAAG 
1501 GTTACAGCAC ACTGGA73AA AAGACAGAGA TAGACAGGTC TTCCCTGCAG GCAGTACGCG 
1561 CATCGAACAC AACGTT CAGG CGCTTTCCGA TTCATCGGGC AAGCGTCGCT AATTTTCCAT 
1621 CACTCGACAC ZGGTCArCCT AGGATCGCGT CGGTTTTTGA TGCCTCCTTC TCTCACGCCT 
1631 TAGGTTGGTG A7GTC7 C7CT GCCCCGATCC CTCCGAAGAA AGTGCCAGCG GCACCCGCCA 
174 1 ACTCGCCAAG A7GTC3A7CG CCTTGGCGTG GTCCGCGTCA GCCCAGATCG AACCACATTT 
1801 CTCGACGCGA ACAAC Z Z 7CT TTACCACGAG CGAGGAGAGG AACTCGTCGA GGAGCAAGAC 
1861 AAAGCCACCC 37CCC777CT TTTCCCAGTC CACAACCCCA CCCCACGAGA AACAGTGATT 
1921 GAG AC C AGGT 3CCCG73CCC CTCCACAGCT GTTCGCATGC CTGTGAAAAT CAACCAGGTC 
1981 AGGTGGAGCA 37GCCA7GAC CCATCTGTTC ACTCGATCCC TAAACGCGAA GGTCATCCCT 
2041 GGGGGAAAAA ACTGAA77TA CGGAAGCTGA GCTGGCTTTG GCCGTGACAC GTCTAGTCTA 
2101 CCCTGCAGAC 7TACCA77TG GCGAATAGCA AAGCAGCGGG CGAAGCCGTC ACCCGGAGAA 
2161 CGGTGTCCAG 7ACTGC37CC ACCCAGAGCC TCGGAAGACC TCCGCCAACG TTGATGGTGT 
2221 GCACGGTCCG 3TACC777CA GCCGCGAAAC CCTCCATCCG ACTCTGCAGA CAAGTCATCA 
2281 CCCCAGTTCT A7GAAG7ACC CTGCCTTCGA TCGTGTCCCT ACTTTATCCT CTCAGACCCG 
2341 ATCTCTGGCC 3ATTCGA7TC CCCCATGCAT CTCCGGTGCA ATCGTGCCGC CACCGCTCGG 
2401 CCTCCCTAAG 7AGTC7C3TT TTCTGTGTTT CCTCGGCTCC T AT AC AG C AC CTGACCACCT 
2461 TTCTAGGTGG 7GTCGC3ACA CCTCGGACCT ATATTCGACA CGTGCACAGT TCGTCCAAAT 
2521 TGCTCGTTCC ATCCACCAGC ATCTCCTTGC CAGACACCCC ACACACCGCA TAGCTTTGCT 
2581 TG AC AAATG A AAC7C A Z AAA TACGACCTGC CCGGACTTGT CACAACG7TC CCCTTTTGCC 
2641 G TTTTCCTGC 3AGG77C7CA CTGAGGCGCT GGTGAAGAGC GAGACTGGGC CCAGGCGTGT 
2701 GTTTCCATGC AAACAGAAAG CAGGCTCATA GAGACATGCA AACGAGCGGA CGTGGAACCG 
2761 CACTGCTGAA 73CA7GAACT AACTAAAGCT CCACACACCT GCCCACCACC CGAGATGCAG 
282 1 CGACCGACGG >A7AC T7C7G TGAGGTGCAC A7GACTCTGC ATCAAGAA7C AGTGCCTCAG 
2S9I AGACCCTTTT ZZZZZZZZAG TTTCTCACTG CGGCACAAAG AGTTTTC ZTT GCTCTGTTCA 
294 1 GTCCATCCAC tA77A3:A37 TGGCGCCAAC 7GCGAGACCG AGAAGGCA3C ATGCGAGAAT 
3001 TCACACAGTG TAAGSCACAG TTTTTTGAAT 7ATGTTTTCT CTGATT777T CCTGGAGGTC 
306 1 TGTGCATG7A ZZZZXZZZZT CTTTCCACAA AGTGGACGCG GAGCTGGC3A AGGCCATGAT 
312 i GTCGCTCCC7 277A7SAAAG GGTTTGAGGT ATGTCTCCAA CTTTCTC7AG AGAGGTGATA 
3181 ATTGAGCACG A73CA73CAA TTTGTGGTCA GGCCCAATAT GTACAGC7CA GTTTCCACCG 
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Figurel3. continued 

324 1 AAGAAATCAA 7ACTC7.7CGG CTCTTTTCAC GCCACCTCTG CCCTCTCCCT TTCACTCTTT 
3301 GCCTCGCATA 7ATC77AGGC ACACTTCCTC AACACCTTCC CCCTCCCTCT ATATCCCACC 
3361 CCACCCTGAA 7CGCG77GCG AATGTTTTCT TTTCCATTCC TCATCCATCC CTCTCTCTTC 
34 21 ACAGATTGG7 7AGGG77TTG CGACTGTCAC CTTCCCAGGC ACCGACCACA ACGACCCCTT 
3481 CATTCCCTT7 GACACA3CGT CGTCTTCATT CTCCCAATCA GCCCCGACCA CGATCAAGCA 
3541 TGAAAGAGAT SGCTC77CAG CTGCTACACT CTCACGGGAG " CGAGCGAGTG ACCCTAGAAC 
3601 AACTTCTCGA CATGAAGACG AGGTGGAAAG GGGCCGGGAC CCCATACAGC GCGATACCCT 
3661 CCATGTTAC7 GCTCTAGATC AGCAAAACGC CAACTCCCAA GATTCACTTC GATACACTTC 
3721 CAAATCAGA j GCGTC7ATCA CAAGGCTGTC GCGAAATGCT GCCTCTGGAG CTGCTCCACT 
3781 CTGCCGCATT 7CACTAGCCG AGGCAGTACC GATCACCTGT GCAAGCAACA ACCCTGGTCG 
384 1 AACGCTCGCA GCC AT7 AC AT CAGGTGGGTC CCCACCCCTT ACTCGCCCTC CCCTTCCTGT 
3901 CCACTTCCGG 7CTTC * AC AG CACTCGTTCA AAGTCGTTGG TTTTCT GC CC, AGTGGCACCA 
3961 TTCGCTGTAA AG AAC A 7 ACT GTTCCTGGCT CCTTTCAATA GGTCTAAAAA AAACTGGTGT 
4021 CCTTTCATTC AGTCTA 7AGC TCTCATCCAC CTTTCTCCTG CCCACGTGAG TCCTTGCTGC 
4081 GGCCATCCAC TCACA7ACAA CAACATCCCC CAGATACAAG AGAAATGTCT TGAGCCAAGA 
4141 AGACGGCTCT 7TAAT7ACAC GATACGGACA TCACTAATGA GATTTTAACA CAGGGGCTTC 
4201 CAGCATCGCT SCACCATGTC GCCTCGCGAC CTCAGG TT GT TC A TTCTGT G CTGAGAGACA 
4261 CACATTGTCC AACTCCTCCC TCCCCTGTCT TGTTCGTGCG TCCGTGGTGA AGTACCATCG 
4321 ACCTGATGAA CACCCT3AAT CCAGACGTCG TCTAACGGGG TCCCCACCAC CCCAAGAGGA 
4381 CGGTGTCACT ACGTCG-GTOG CGTGCATTGA TGTGTGTTCA TCAGGAGAGA ACATTTTTTT 
44 41 TCGGGTGGCC 7TCAAG7CTG TTTCTTCCAT CCCCTTGGAA CAAGAAACTG CAGACTTTGC 
4501 TGCTGAAATG AACCAS7TAG CTGTGAAAGG TAAGAGGCAT TTGCTTATTT GGGTCTCGAC 
— 4561^TTACCCGGTC ACATTC-CCAT-TCACTCTTAT- CAACATTTGC AAGGTCGAAA- TC TGTGGTGC 
4621 ACATGGATGC AGTCG A SGGC CGGTCACTCA CATTGCATTT TCTCCACACG CTCCCCCAAC 
4681 AAGAAACTGG TTTGC7CTTC TCGTCAATTC GTTGACACGC CGCCACCATC CCTGCGTCCT 
4741 TCCGCGAGCC CCTCCT 77CG TTGAGAGCAT GGCTGCCCTT GTAAGCCGGC AACATAATCT 
4801 GGGAAAACCA AAACGA77GC CAGACCGGGG ATGGGCACAA CACCGATCCG TGATGTTCCC 
4861 TACTACCTCC ACTCT777TG AGT C TTGTGC GGGATTGGTG ACTGCACCCA AAATGTGTTG 
4921 GAATCGAACG 7TCCA77AGT GAACTCCTTG GCTGATCTCT C7CAACCGTA TGACTGCTTC 
4981 TCAAACAGC7 7ATATAA 2 AC CCGTGGCAAC TGTAGCAACA ATTTTCCTTC ACAATTTGGC 
5041 CCGGGTCCC7 3CAAAGA7AT TATGCAAAGC AGCCCTCACT CGTCTGCCTC GCTTCCCTCC 
5101 AGTTTCACG7 AAGAC 7 7 3C A TGACGACCGA ACTACCG7GC AGGGAAACAT GCTGACGTCC 
5161 CCCGTAGAA7 3TTC7T3AGG GAATCTGCCG TCTCGCCTCC TTCCTCGAAC AGTAGCACAA 
5221 TCCTGTCTTC 7TCTCG77TG TAGATCCTCG CCGTTCATTA ACCCCTCTTT CAATTCCTCA 
5281 CTTGCCTCGA 7GACA737CC CCTTAGGTGA TTCCCGATCT GTGCCTCCGC CAGCGCGCCC 
5341 CCGAAGGCCC 3CACCC73TT CTCGTCCTTC CTC AAC AC AG TGCTTGCCCA TCTTGCTGAG 
5401 CTCTACCTTG 7TCCAAAAAC TTGTGCATAC GGGGTACACC AGGTTCCTCA CAAGGAGAAT 
5461 CGTCAGGCGG 73ACTGC7CA GCCCCACAGA TTCCTGTTCA TGCACAAGAA AG AAAAC AGC 
5521 CCATTTCCGC 7 AC AAC 7 7 AG CTGCATGAAG TTGCTGGATA TCCTTCCCCC CGTGCTCCCC 
5581 CTTCTTCTC7 A7GCT737GA TGATACGTCG CGAGCTT CAT CAACCTCCTT TTGCATTCTT 
5641 AGTGGCTCC7 AAC AG AA 7 CC TTTCTCGAAG GCAATCTCGT CTCACCCTTG CACGAGACAG 
5701 TTCGCCTTTG 7TCACGAAAT AACGAACCCA AGCAGCTCAG TTCCATTCAG CCTGC ACACA 
5761 GTTGC ATTC A 7CCTG7A7AC TAAACACCGG CGAAATCGTC CCGTCATATC TACTTCTTCG 
5821 G TT G TCACGG 7GATTG77GT CCTGTTTGAA CAACTAAACC TTTCTAATCC TGGATCCGAA 
S881 TTC 
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Sequence Range: 1 to 1499 

10 20 30 40 SO 

AA TAC CCT CCG AGT TCT ATA CGT TTC TTC GGT TTT TGC TAA GCC ACA AAC 
Tyr Pro Pro Ser Ser He Arg Phe Phe Gly Phe Cys *** Ala Thr Asn> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT (Aj_a a > 

60 70 80 90 

* * * m * ft ft 

TGC AGG CTT AGC AGG CCA CCT TCC GTC GTG AAC TCG TTC ACC GAG TTA 
Cys Arg Leu Ser Arg Pro Pro Ser Val Val Asn Ser Phe Thr Glu Leu> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT (A)_a a > 

100 110 120 130 140 

* «•«•••«•• 

CCG GCC TCA CAC CTA TTT TCG TTG CCG TTC TGG AAA GTC AGT AAG GGA 
Pro Ala Ser His Leu Phe Ser Leu Pro Phe Trp Lys Val Ser Lys Gly> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT [A)_a a > 

150 160 170 160 190 

CCA CCT TCA CGT GCA GTT GAC CGG TCT GCA ATG ACC ATT GAG TTC GAT 
Pro Pro Ser Arg Ala Val Asp Arg Ser Ala Met: Thr He Glu Phe Asp> 
a T RANSLAT ION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT fAl a a > 



— = — 200 210 7 -^220 ^ ~ 230~ — 240 ■ — 

• * * • • * • • • * 

GTC CCG AAA TCC TTT TGT TTT GAT TTC CGC AAG GAG TGT CTT GAA CCA 
Val Pro Lys Ser Phe Cys Phe Asp Phe Arg Lys Glu Cys Leu Glu Pro> 
a T RANSLATION OF TGESTZZS3 . - . + 3 * PCR FRAGMENT TA)_a a > 

250 260 270 280 290 

CTG TCC GTG TCT ACT TCC TTT TTC GTC GCG CTT CCG CGC CGT CTC CCC 
Leu Ser Val Ser Thr Ser Phe Phe Val Ala Leu Pro Arg Arg Leu Pro> 
a TRANSLATION OF TGESTZZ53 ... +3 * PCR FRAGMENT [A]_a a > 

300 310 320 330 

• *•* ♦ • • »• 

GTC CTC GTC TCC GCC TTC CGT CTC ACA ACT TCC CTT CAT TCT CAC AGC 
Val Leu Val Ser Ala Phe Arg Leu Thr Thr Ser Leu His Ser His Ser> 
a TRANSLATION OF TGESTZZ53 . . . +3 • PCR FRAGMENT tA}_a a > 

340 350 360 370 380 

* • * • • * • •*• 

ATG GCG TCT CGT GCT CCC CAT GCT GGA CAG CGC TTG CGC AGC CTC ATG 
Met Ala Ser Arg Ala Pro His Ala Gly Gin Arg Leu Arg Ser Leu Met> 
a TRANSLATION OF TGESTZZS3 . . . +3 ' PCR FRAGMENT (A]_a a > 

390 400 410 420 430 

«* • • • * * 

CAG AAG AAA TGC GTC ATG CTT CCT GGG GCT TAC AAC GGT CTC ACC GCG 
Gin Lys- Lys Cys Val Met Leu Pro Gly Ala Tyr Asn Gly Leu Thr Ala> 
a T RANSLATION OF TGESTZZ53 . . . O ■ PCR FRAQiENT [A)_a a > 

440 450 460 470 480 

# « * • * • • * 

CGC CTC GCG GCT GAA GCA GGA TTT GAA GGA GTC TAC GTC TCT GGA GCT 
Arg Leu Ala Ala Glu Ala Gly Phe Glu Gly Val Tyr Val Ser Gly Ala> 
a TRANSLATION OF TGESTZZ53 . . . O ' PCR FRAGMENT (A)_a a > 
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490 500 510 520 530 

GCT CTC AGT GCA TGC CAA GGC CTC CCC GAT ATC GGC ATA TTA GGT CTC 
Ala Leu Ser Ala Cys Gin Gly Val Pro Asp He Gly He Leu Gly Leu> 
a TRANSLATION OF TGESTZZS3 . . . +3 ■ PCR FRAGMENT (A)_a a > 

540 550 560 570 

* * # * * # * • • 

GAA GAC TTT ACT CGA GTA ATC TCC CAA GCC GCC TCT GTC ACC AGC CTC 
Glu Asp Phe Thr Arg Val lie Ser Gin Ala Ala Ser Val Thr Ser Leu> 
a__TRANSLATION OF TGESTZZ53 . . . +3 • PCR FRAGMENT [A]_a a > 

560 590 600 610 620 

CCT GTT CTC GCC GAT GCA GAC ACG GGG TTC GGT GGC CCT GAA ATG GTT 
Pro val Leu Ala Asp Ala Asp Thr Gly Phe Gly Gly Pro Glu Met Val> 
a TRANSLATION OF TGEST2Z53 . . . +3 ' PCR FRAGMENT fA)_a a > 

630 640 650 660 670 



CGG CGC ACT GTC TTC GCG TAC AAC CAG GCG GGC GCG GCT GGG CTG CAC 
Arg Arg Thr Val Phe Ala Tyr Asn Gin Ala Gly Ala Ala Gly Leu His> 
a TRANSLATION OF TGESTZZS3 . . . «-3 ' PCR FRAGMENT fAl a a > 

680 690 700 710 720*. 

* • * # # • * • * * 

ATT GAG GAC CAG CGT TTG CCG AAG AAG TGC GGG CAT TTG GAG GGG AAG 
He Glu Asp Gin Arg Leu Pro Lys Lys Cys Gly His Leu Glu Gly Lys> 
a_TRANSLATION OF TGESTZZ53 . . . +3 • PCR FRAGMENT fAl a a > 

730 740 750 760 770 

CAG TTG GTG TCC ATT GAA GAG ATG GAG GAG AAA ATC AAA GCG GCC GCT 
Gin Leu Val Ser He Glu Glu Met: Glu Glu Lys He Lys Ala Ala Ala> 
a TRANSLATION OF TGESTZZ53 . . . +3 • PCR FRAGMENT [A]_a a > 

780 790 BOO 810 

* *••••»•• 

GCG GCG TCC CAG GAC TGC TCG AAC GGC GAC TTC ATC ATC TGC GCT CGC 
Ala Ala Ser Gin Asp Cys Ser Asn Gly Asp Phe He He Cys Ala Arg> 
a TRANSLATION OF TGESTZZ53 . . . +3 ■ PCR FRAGMENT (A]_a a > 

820 830 840 850 860 

****•»*»• * 

ACG GAC GCC CGC AGT GTC GAC GGG CTT GAT GCG GCT GTG GAG CGA CCA 
Thr Asp Ala Arg Ser Val Asp Gly Leu Asp Ala Ala Val Glu Arg Ala> 
a TRANSLATION OF TGESTZZ53 . . . +3 * PCR FRAGMENT [A]_a a > 

870 880 890 900 910 

• * * • • • • • • 

GTC CGA TAC ACG GCA GCC GGA GCA GAC ATG CTT TTC CCC GAA GGA CTG 
Val Arg Tyr Thr Ala Ala Gly Ala Asp Met Leu Phe Pro Glu Gly Leu> 
a TRANSLATION OF TGESTZZ53 ... 4-3 ' PCR FRAGMENT (AJ_a a > 

920~ 930 940 950 960 

* * • * * * * 

GAG ACA GAG .GTG AGA GGT GGA AAG AAG AAT CAG AGG AAG AAG GCG TCT 
Glu Thr Glu Val Arg Gly Gly Lys Lys Asn Gin Arg Lys Lys Ala Ser> 
a TRANSLATION OF TGESTZZS3 . . . + 3 * PCR FRAGMENT [A)_a a > 

970 980 990 1000 1010 
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GTA TTG GAG AGG CAG CGA GAG GCA CTC GCT CTG GAA GAG TTT CAA GCA 
Val Leu Glu Arg Gin Arg Glu Ala Val Ala Leu Glu Glu Phe Gin Ala> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT (AJ_a a > 

1020 1030 1040 1OS0 



TTT GCG CAT GCA TTG GCG GTT TTG CCT GGC AAA GCG CCT TTC GGG GGG 
Phe Ala His Ala Leu Ala Val Leu Pro Gly Lys Ala Pro Phe Gly Gly> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT tA]_a a > 

1060 1070 1080 1090 1100 

CCC TAT CTG CTC GCA AAT ATG ACG GAA TTT GGA AAG ACG CCC ATC ATG 
Pro Tyr Leu Leu Ala Asn Met Thr Glu Phe Gly Lys Thr Pro lie Met> 
a TRANSLATION OF TGESTZZ53 . . . +3 * PCR FRAGMENT (A]_a a > 

1110 1120 1130 1140 1150 

GAG CTT TCC ACC TTC GAA GGC CTT GGA TAC CAC TGC GTT ATC TAC CCT 
Glu Leu Ser Thr Phe Glu Gly Leu Gly Tyr His Cys Val He Tyr Pro> 
a TRANSLATION OF TGESTZZS3 . . . +3 ' PCR FRAGMENT fAl a a > 

1160 1170 U80 1190 1200 

• • • ******* 

GTT TCA CCT CTC AGA GTC GCC ATG AAA AGC GTC AAG GGC ATG CTG GTC 
Val Ser Pro Leu Arg Val Ala Met Lys Ser Val Lys Gly Met Leu Val> 
— T: ^a == TRANSIATIpN-OF-TGESTZZ53 . O^PCR-FRAQfflWr r 4Al-a. = a ;= ^>- 



1210 1220 1230 1240 1250 

GAC TTA CGC AAG AAT GGC AGC GTT GGC CAT AGC CTG GAG AAA ATG TAT 
Asp Leu Arg Lys Asn Gly Ser Val Gly His Ser Leu Glu Lys Met Tyr> 
a_„ TRANSLATION OF TGESTZZ53 . . . +3 • PCR FRAGMENT (A]_a a > 

1260 1270 1280 1290 

* * * * * * * * * 

ACA CGG CAG GAG CTT TAT TCC ACT CTG CAC TAT CGG CCG GAA GGG ACG 
Thr Arg Gin Glu Leu Tyr Ser Thr Leu His Tyr Arg Pro Glu Gly Thr> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT (A)_a a > 

1300 1310 1320 1330 1340 

* * • • • * * * * • 

TGG ACG TAT CCC TCA GCG AGT GTG TGC ATG GAC AAA GCC GTG GAA GAT 
Trp Thr Tyr Pro Ser Ala Ser Val Cys Met Asp Lys Ala Val Glu Asp> 
a TRANSLATION OF TGESTZZ53 . . . +3 ' PCR FRAGMENT (A]_a a > 

13S0 1360 1370 1380 1390 

ACC GAG GCC TAG GGA GTC TCA GGC TCG GCA TTT TCT TTT TCT CGA CTG 
Thr Glu Ala ••• Gly Val Ser Gly Ser Ala Phe Ser Phe Ser Arg Leu> 
a TRANSLATION OF TGESTZZ53. . .O* PCR FRAOTENT [A]_a a > 

1400 1410 1420 1430 1440 

• * ** * ♦* * * 

GTC TCA CCA ATA CAA AAG ACA ATG CTC ACA GAC GAA AAG CAG AAG TTC 
Val Ser Pro He Gin Lys Thr Met Leu Thr Asp Glu Lys Gin Lys Phe> 
a TRANSLATION OF TGESTZZS3 . . . +3 1 PCR FRAGMENT (Aj_a a > 

1450 1460 1470 1480 1490 

TGA TTG TAT TTA TGA AAC GTG AAA AAA AAA AAA AAA AAC TCG AGG GGG 
Leu Tyr Leu *** Asn Val Lys Lys Lys Lys Lys Asn Ser Arg Gly> 
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a TRANSLATION OF TGESTZZ53 . . . +3 * PCR FRAGMENT fA)_a a > 

* 

GGC CCG GTA 
Gly Pro Val> 
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10 20 30 40 50 

YPPSSIRFFG FC*ATNCRLS RPPSWNSFT ELPASHLFSL PFWKVSKGPP 
60 70 60 90 100 

SRAVDRSAMT IEFDVPKSFC FDFRKECLEP LSVSTSFFVA LPRRLPVLVS 

110 120 130 140 150 

AFPXTTSLHS HSMASRAPHA GQRLRSLMQK KCVMLPGAYN GLTARUVAEA 

160 170 180 190 200 

GFEGVYVSGA ALSACQGVPD IGILGLEDFT RVISQAASVT SLPVLADADT 

210 220 230 240 250 

GFGGPEMVRR TVFAYNQAGA AGLHIEDQRL PKKCGKLEGK QLVSIEEMEE 

260 270 280 290 300 

KIKAAAAASQ DCSNGDFIIC ARTDARSVDG LDAAVERAVR YTAAGADMLF 

310 — - ~~ 21Q — -330^ — 340 350 r ~" 



PEGLETEVRG GKKNQRKKAS VLERQREAVA LEEFQAFAHA LAVLPGKAPF 
360 370 380 390 400 

GGPYLLANMT EFGKTPIMEL STFEGLGYHC VIYPVSPLRV AMKSVKGMLV 
410 420 430 440 450 

DLRKNGSVGH SLEKMYTRQE LYSTLHYRPE GTWTYPSASV CMDKAVEDTE 
460 470 480 ' 490 

A*GVSGSAFS FSRLVSPIQK TMLTDEKQKF *LYL*NVKKX KKNSRGGPV 
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CCCTATTACGTTTCCTTTTTTTAAATGCGGCGAAAACATTCCCTCCATAC 

AGATTTCCCATTCACGTGACGTCTCGCGTGTTTCAAACGTCAACTGGTTT 

TCCCTGCTCTTGTAGTCACAAGACCGTGCAACCAAACCTGCGA 

TTGTGCCTGTGACCACCGCACCGCAACTGCCCACTCTGTAAACATA 

CTCCCTAAACCGTCAAAACCCCGAAACGAACCGGATGCTCTTCTCTCGTC 

CTTTCTCCCTCGTTTTCCTTTCTTAGAAAACAGGAAAAATCCT 

TATGTGCACATTTACCGAAGCGATGCGGAATCCACGGCGAGGTGC3CGGGT 

CAACTCCCTTGGCC^GGGGTTGAGTCTGGTAGTGGCATTTTTAGGCGTAG 

AGACAATGTAAAGGTCTCCCATTGAACAGAACCTGCTTACTCCTTCGTC 

TAGCCCCTCAATTCTGCATTTACAATCCCTTTCAAAAGC^ 

TTGCTCCCACAACCGTGCGCCCTTTTTCGC^ 

AGCTGCGTCGCTCGCATTACTGCTTTTTGGGCCITCA CriT ' l 'CCCCAAAT 

ACCCTCCGAGTTCTATACGTTTCTTCGGTTTTTGCTAAGCCACAAA 

AGGCTTAGCAGGCCACCTTCCGTCGTGAACTCGTTCACCX3AGTTACCGGC 

CTCACACCTATTTTCGTTGCCGTTCTGGAAAGTCAGTAAGGGACCACCTT 

CACGTGCAGTTGACCGGTCTGCAATGACCATTGAGTTCGATGTCCCGAAA 

TCCTTTTGTTTTGATTTCCGCAAGGAGTGTCTTGAACCACTC 

TACTTCClVlTTCOTCGCGCTTCCGCGCC^rCTCTCCGTCCTCGTCTCTC 

CCTTCCGTCTCACyuiCTTCCCTTCATTCTC^C^ 

ATAAAGAACTT%reCH\ji^x*jKIA^ 

CTACGGAATATCATGTCCACAAATAAAGAAAACTGGTTTGATTC 
ATCACTGACTGTCGTCCGACCCTTCCCCCCCCATAAAATAGCTGCTAACG 
TGCAATGATTCGAGATACATTTATCTACCGCZACTTTAGTTTA 
GTTTGTGGTTAGGGTTGTATGAACGCAGGAATACTTGTA^ 
CTTAAATATAAAAGATGCATGTTTATATCT 
GTACGTGCATCTACACGTCTTGAAACGTAGGTGTACAAC^ 
GAAGTCACTGCCTCITrrACAAATCACATAGTTTCrGTACGGTGGCGCCT 
ATTTTCTTTCTTTGACTCTCTGTTTGCGTGT 
TCCTCCCAACAGTCCTTTCGCTGTGCTTAT 
TTTCTTGCTGTCGTCGTCCGAATTGCCTATTTCTCTCCAC 
CTTCTTCCCTGACGTGGTCTTGTTGCGGTTGTCC^ 
TTTCCTAACCGCTGCCTTCCCTCTCCTGTTQ3CT<^^ 
TGCTCCCC^TGCTGGACAGCGCTTGCGCAGCCTCATGCAGAAGAAATGCG 
TCATGCTTCCTGGGGCTTACAACX3GTCTCACCGCGCGCCTCGCGGCTGAA 
GCAGGATTTGAAGGAGTrCTACGTCTCTGGAGCTGCTCT 
AGGCGTCCCCGATATCGGCATATTAGGTCTCGAAGACTTTACTCGAGT^ 
TCTCCCAAGCCGCCTCTGTCACCAGCCTCCCTGTTCTCGCCGGTGCXyrAG 
C^GAATCGTGTTCTTCACTTCITACnTCTATCrG CTTTGTGTCTTTCCTG 
TTTTTGGTTCGACTTGCITGTCGATGGATAGAACCCC^ 
CGACGroCCTCGAGCTTCTTCAGTTGCCCTACCTTCTCT 
CTTCGCTTCCTAGTCTCGAGGATCCACGTCGCTTTTCGACT 
TCGCCGTCATCGCTTCAGAAACwi'A'CACATCTACTTCCCCTTCCTCGTC 
TTTTCTTTTCCTOGATGTCCrTTTCCCAACTTTTCXiCTCT 
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TCCTCTGTCGACGGTCTGGTCACTCATTCGTTTCGTGTCGCGTTCCCGTT 

GTGCTCTTTTCTCTCTTCTTCTCGTCCCTCTCCGTCTTCTCGCTCTCCTG 

TTCTCCTACCCGCTCTCCTTTTCTGTCrCGTCCGCTCAACCTCTCTCTCT 

TTTCCGAGCTCTTGCTTAGATGCAGACACGGGGTTCGGTGGCCCTGAAAT 

GGTTCGGCGCACTGTCTTCGCGTACAACCAGGCGGGCGCGGCTGGGCTGC 

ACATTGAGGACCAGCGTTTGCCGAAGAAGTG.CGGGCATTTGGAGGGGAAG 

CAGTTGGTGTCCATTGAAGAGATGGAGGAGAAAATCAAAGCGG^ 

GGCGTCCCAGGACTGCTCGAACGGCGACTTCATCATCTGCGCTCrGCACGG 

ACGCCCGCAGTGTCGACGGTGGGTGACCCTCGAAACGGCCGAAAACAGAA 

CTCTAGGGTCTCGCGCATTCAGCGCGGGTGTCCCCTCGAATGGACGCTAC 

AGTGCrrGTTAGTGTCGAG"XXjTrX"lTAGCGA C TTT CrA X!AGAGCTCACTTO 

GGTTTCGTACGATTTCAATCGACAGACGGAAAGACGCTCAAGTGAAATTC 

GGGCCACCGAGAAGGCGAAGAGAGAGCAGAGGAAGGGAGGACCGGGAACC 

TTTGGACTACTGAGAAGCAGGCGAAGACGGGCGTTTCAGAAGCGCCTGAG 

CAGGTCTCCACACCGAGAGAAGCAGACTGAAGACGCAGTTCAGATGAAGC 

TCGAAAACC^AAAGCGCCTCTTTAATATTGTAGAGGGAGTC^AAGTCG 

TGCCTCTTTTCTCCCTGTCrTTCTCGCTGTCT 

GATGCGGCTGTGGAGCGAGCAGTCCGATACACGGCAGCCGGAGCAGACAT 

GCTTTTCCCCGAAGGACTGGAGACAGAGGTGAGAGGTGGAAAGAAGAATC 

AGAGGAAGAAGGCGTCGTATTGGAGAGGCAGCGAGAGGCAGTCGCTCTGG 

TGAGAAGCTGCGGCGGAAAGGGAGAAAGAAAAGAAATGAAAAAACCCGGT 

CGAGAGGGATGGAACTCTGAAAACTCGGAGAAGTGGAGAAAGGGAGCT 

GAGCAGAGGAGGTGAAGGAATCCGTATAGTGGATTGATGTGTGACCT 

CTATGAAAGAGATGACAAATTCAACTACAGGCGAAGGGTATGACAGGGAC 

ATGCGTTTTGTACAGAAAACAGAGGACAATGAACATGTCAGACCT^ 

CACACGCGAAGAGATGCGCAGTGGATTATGGAATGAGCAAGAGTAAGGAG 

TGAAACTTCACAATGTGCATTCGGTGTCAGATTGAGTC^TCZAAATCTCXSG 

TGTTCGTGCTCriTTTTTCTCGTCTGCCrCCAAAAGTC 

CTCATGTCTGCTCTGCACCCATTGTCCTTCACCGTGTTCCGTTCGCTCCC 

CGTATGCCTGCGGTTTCTTGTCCGTTATCAGTCTCTACCX3GGTTCATCTC 

CTCTTTCTGCGGAGAGGCTTTTGTTCTAGCGATGGGTGTATGAGTTCG^ 

TCTGTCATCCTCATATACTACCGTCACGAGACAAACAACTGCTCCATGGT 

CGCTGTACACGGCCAACTTGTTGGGCTGCTCACAAAAGCCACAAG 

AGTTTCAAAATTCAACCACATTAGTGTTGTTCCACGTCGGTTACGTTTAC 

GCGTTTCGCGAAGAAGACGAAGACGAAAGACG CGTCCATTTCAGAGAAGA 

CCTGTCCGTTTTCGTTGTGACACCAGGAAGAGTTTCAAGCATTTGCGCAT 

GCATTGGCGGTTTTGCCTGGCAAAGCGCCnTTCGGGGGGCCCT 

CGCAAATATGACGGAATTTGGAAAGACGCCCATCATGGAGCTTTCCACCT 

TCGAAGGCCTTGGATACCACTGCGTTATCTACCCTGTTTCACCTCTCAGA 

GTCGCCATGAAAAGCGTCAAGGTACGTTTGTCCTGCTATCCATACTGACT 

GACTCGGATCGATTTCTTCGTTTGCTGTGGCACGTGGAACTGAGTC 

ATGCGTGTACGCAAATGCAGAGGAATGCATGCATGTGAGCACACCTGTCT 

GCAGCTACGCGAATCTCTGCCTGTGTTGACCTTCTACCTGATGGCAGGCA 

TGCACGTGTATACACGCACAAGCATCTGTATAAATATGTGTAGTTGAGTA 
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ATTATACGTGACCTATTAAATCTAAAGCAGAAAACATGCTCATACCGTTC 4 4 s 0 

TTGTTGTTGCTCAGGGCATGCTGGTCGACTTACGCAAGAATGGCAGCGTT 4500 

GGC CATAGCCTGGAGAAAATGTATACACGG CAGGTACAGCGTTACCATCA 4550 

TAAGGCGGATACTTATAAGATTTTCCTTCAATGACGTGCATGCATCACGG 4600 

ATACCAAACCTGCTCGTTTAATCCTCTGTTTTGCTCTGTAA 4550 

TTCTTGTATTCTTCCATCCrn^CATCTGCCGTTGTGTCAATTTCTC 4700 

GGGGCTCTGTCTTCGCTTTAATGCCCTCftGTGT^^ 4750 

TCrrCCTTATTCTGTCTCACGGTTCCTGTTTGTCTTCT^ 4800 

GTTCGTGCTTTTAGGAGCTTTATTCC^CTCTGCACTA^ 4850 

ACGTGGACGTATCCCTCAGCGAGTGTGTGCATGGACAAAGCCGTGGAAGA 4900 

TACCGAGGCCTAGGGAGTCTCAGGCTCGGCATTTTCTTTTTCTCGACTtXS 4 950 

TCTCACCAATACAAAAGACAATGCTCACAGACGAAAAGCAGAAGTTCTGA 5000 

AAAGACAAAAGGACGAAAGCGAGGAAACATGGCACACGACGGCGGGGGGA 5050 

CTCTCACTGCACAACGTTATTCCAACCAGTGTGCAAGAGTACCCGGATCT 5100 

CCTTTGGTGTATGAATGCATGGTCTTTTTCAATTCCATCT 5150 

GTGAAATTTCGACGAGAAGCAAGAACAGAAGGCGAGCTTTTGT 5200 

GCTAGTCGCCAATATTGAAGGGCCCGGGGGGGGGGGGAGCAACA 5250 

ACAGAAAAGGAAGGCGTCTGCAAAATTTGCGGCGTCCCTCTTGGAAAGAA 5300 

AGAAAACCGAAGAGGATGGACAACTTACCCCACCGAGGACZAGACCACAGA 5350 

TGCGAAAAACAGAATGAATCGAGAGAAAAGAAATGCGAGCCGATGCAGAG 5400 

GGGTCCTCTTCGTTTGAGGAGTTTCCAGGAGGGAAGCG^ 54 50 
GGAAACCGGA^ 

AATGCAGGGCGGCTGTCTGTTTCCrCITACGAAACTGTTC^ 5550 

AACCCAGTAGAGTGCTCGTGACATCTTCCACrTTCGTGTCCT 5600 

TGCTCGGTTTCTGCAGTGCAAGCTGCTTCTCGCTG 5650 

ATTGAGTAGACGAGGCACAGCGACCGGTTCCTGCCTGCGCGTTGTGTGAA 5700 

AGGGGAACTCTGAGAGGCGTTGTTCTTTATCTrrTTCTAACTGGTAGAGAG 5750 

ATGAGAAAGCTTCGGAGGTAGATGTGTTTTCGTCT^ 5850 

GAAAAGAACGCCAGAGAACGGTAAATTCTCTAGACAGTGACTGAGAGTGG 5900 

ACTCGCACTACCCTCCGCCGCGACTGCGTCTTTTTCTCCACTCTGCGAAT 5950 

CTCACTTTTCTTCTGAATTTCTTTGTCGAC 6000 

GGCGGCACAGCGTTTCTAGCAGATATTCGGGTTTTGTGTGATTAGTGTCT 6050 

GTCTCTTTCTCTCACTCTCACTTCTTGCCCGGGAAGGAGGAACGCCGCAG 6100 

AAAAGCAAAAACACCGGCGAGTGGACCCAGTTTTCGGTAGCnTCAGCTGA 6150 

GGCCCGCCGGTCGCGAGCGAAACTTCTCGGATTTATCCTCCAGCACTGAC 6200 

AAAACCCTCTGGTGCAGATACGCAAATGCGCATGCACGTCGAAGACGTCA 6250 

AAGATATCCTTGCGATGAGCACGCAAAGAAGCCTGGAACGCATGCGCTAG 6300 

AAACCCGCGAAGCACCCCAAAGTCGGOUITCTCTGTCTCACGTGCACACC 6350 

ACCGCGATGACC^CGGGAAACGGGACAGACTCTACAAACCTCCAAAA 6400 

CTGTCCGACACCAAAAAAACAAACACGGATTCCCGACGACAAAAAGACTC 6450 

TCAACATCACATCCATGTGTGCATCTCTCTACACACTTGTGGCGGAATAC 6500 

ACZATTTGTATCCATACATATACT^CTAGTCGCGCTGCAGAGAGCTCCGT 6550 

CGGTGTTCCTTCCTTGATCGGAATGGCCTCGCTAGCGAGAGTCTTTX^^ 6600 
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TTTCGCCACTTTTCCCTCTCTAGTTCAAGGTCTGAAAAAGACCATTTACG 
TTTTGAACTCTGCTCTGTCTCTCGGATCGCTCATCTGCTTTCCAGCTCCC 
TCTCTCCGCACATAAGCCGAATGTCATTCTCTCCTCTCAGTCTGCCCTTG 
CCCGGCTTCCCAGACGAGGGGTTTTACGAAAAAATGCCGCCTCACCGTCA 
GAGCATTTGCTCCACACCTTCTTCCGCTGGCTTTCCCCTCTGCTTCTCCC 
GTGTTTCTCTTGATTCACTTTTGCGTTTCTCTCTTGTCTCCGCCCCGTTC 
CGCGACCGCTTCAATCTAGGAGAGGCACACTCCCCCCGAAAGAGCGTGTT 
GCTTTGCGCCTTCTCCTTCTAACTCGCTTTCCCCACAGGAGGCAGTTAAG 
AAGAATCTCAAAAGGATCCCAGAAGACACCCTTAGAAATCTCGAAAAAAC 
GCTCAAGAACCTCAGAAGAATCTCTCGGAAACCTCAGCAGAACCCGTCAT 
GGAGCTCTCAGAAGTTTCTTCAGAATCTCTCTAGAGGAGA 
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Af 157612 



=T7 30-CCT-;399 
^1- w rTll£ 3<i 1 (^CCl) gen a, ?<ltsjL: 



TITL2 



jct^aai 

AUTHORS 



5 mo 

C38 



BASH COTOT 

1 

61 
121 



Tcxaolxana <rcndii. 
Tsxcylnafl gondii 

2u*aryota; Alv*olata; A?icanoI»a 7 Ccccidia; 3i=erilda; 
SarrocT^iidaa; Texepiaama. 

1 (bases 1 -3 5233 J 

3uthor,Z. , Jchnaan. J.J. , SaaaJJcora, A. . Meieed,*. cad Goralcki,?. 
Growth af Toxoplasma gondii ia inhi bited iy 
aryloxypheiioxTprcpionata harhieidea targatiag acetyl-CcA 
carboxylase 
Unpubliahod 

2 (bases I to S2S3) 

Zuthor.2.. Jahaaon. J. J. , Eisei:tora,R. , HeI.eod,R. and GoraicJti,?. 
Direct 3ubmijaion 

S cfcml tiod (10-JOT-1999) Molecular Canoti.cs and Call Biology, 
University of Chicago, 920 2aat 58*h Streot, Chicago, XX, 60637, CSA 

Location/ Qualifiers 

1..5239 

/organiaw'Toxoplaasia gondii" 
/8traia--M { Z?) ' 
/db xref« - taxon 13811* 

joiS(<l-. 90, 547. -702, 2442.. 2672, 3066.. 3421, 4267.. 4S82, 

4941..:>S2S8) 

/gene^-ACCl- 

/produet=»"acetyl-CoA carboxylase 1* 

<1..>5258 

/gene=-ACCl- 

join(<l.. 90, 347.. 702, 2442.. 2672, 3066.. 3421, 4267.. «582, 

4941..>S238) 

/gece-"ACCl* 

/cod en a tart* 1 

/ product- -acatyl-CcA carboxylase l* 

/traaalation--RVl.IAOTCMAAT«I?SXRCWxrsax^ 

PDQATVKSV2ZCT0/ADRIGI?»1I3^3GC^ 

KX2T^3?OUU3RI,T08LGTVCACTV7m»T^^ 

PAAOLOVaKCXPLWRJPDIRJlJT^nUOTJ^RXDr 

OTT3^3<»VDRI^QPIOTVWOT8VCAS(»V^ 

vi^ljoivdvrgi: irtp mx vqix^dxdp izojodtsttl w 



1176 a 1271 e 13S1 g 1460 t 



c gcgt octca 
tgggecrtaaa 
tcttgttagc 
l6l ctaaatattc 
241 ctctctartot 
agttatatgt 
acoegtacat 
421 cgcgcgaaaa 
481 egegtatgtg 



301 
361 



tegooaacaa 
tggaactegg 
tttcgaaatg 
atgaagaete 
tgtttttogc 
acgtgttrfct* 
gcttagatag 
ggegaccgag 
ggtcgtgtgg 



eggaatggca gecaooeagt 
cgaegacaag g-tgagectga 
ooatatctet aaaatgttga 
tettgtcaec gttagtggat 
cgcaacagag aactgtaaot 
tatgegegta tgtgttcagt 
ttacgtggog acaaacetot 
aeatgaagct otcttccttc 
acactgagtg gcagaggcat 



cgatottctc 
oacagtgaac 
agagctgace 
tccogttttg 
gta-tataoag 
cacaaotaoa 
tctgtgtoag 
gcatttctag 
gtttgtgtat 



catgogtcag 
aaggtggato 
tgacgcaaag 
tcttgccccg 
tgatatatat 
aaataaatgt 
ct&tgcgaat 
oatttgeata 
gtttttttgt 
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341 g^T^qe^ct tggag-rtcgt ^g-:;a-iggca accccacaag aca-gcragc gaatretrag 
60 ; tzcattrgcc gegcagacaa saxcgtggaa g-rsseagggg g-secca^cg cAaeaactac 
66 i gcgaacgtrg atrraa^^ig tcaaatrget gtrcaggaa* agg^raggga gagcgaatge 
721 ggg^gcgtcg ctge-rsgct? gtggaeag-rt taaagagcga atirattcag a^ga^^-.,- 
731 cgactcagaa qcctc^aaaq tgtrgccttt atceagagg"! eatxag-rtc acaggacerz 
941 ctgaegttca cactgagata ctaeacgrrt tgtcgagrzg gagg-rrrt-rt gtttcttcct 
901 tttcatctct attcttcgeg tttttgcctc tttccc^gtg c-iagtrv=-c cgtgtsceec 
961 cattttcaag tgcgtg-satg tctststeat cace-rgcgtg gcgctgcg-;- ttcegctgga 
1021 agggagaaga etcetcertg ttcttettet cgctgtrtcg gctrttc-icg actctiggec 
1091 ttcttttctg agaaggggaa agagttgggg aacegagaac accggcraga agacggcgea 
1141 tgag^gaagc cceggaaaac gggttcertg tctttrgggx gte^stgtct tcrcrrcttt 
1201 ctgoriatrc cagcggat^g aaaacgatct gcatagtgee tctrtgaggtg gtccgctctt 
1261 aagctgtgga gttgctgeat ecagttccae agtgggege-i ctctggagca geagacctac 
1321 eetcaetggg tcteeattga tcgaacaaaa ettcatgcat ttectsisaa etcgctcttc 
13 31 ttccctetcg gcategtttt geeaggacct ec-tgtectrs eaagaaacac gcggcaggga 
1441 ggeatttgat ggateaetat g-cggttgat gargtcgtgg aagagtaett geegegttac 
1S01 tgtaeaaecs ctatcgtaca tgttagagga gaaaacggat cttcttctgg aggtacccgc 
1361 tcctcgaaat etagaetgte ateegattte fcagggegtgg ttag-tgaagc acgcgcgcgt 
1621 ettgrcggtfc gictctgatt etgttttttg gcaagacgat ggaggazgaa cagaggaatt 
1631 ttttgtcact accactgacg agccgagagc tcgatgaz^g gactgtcccc tc gag-tan at 
17 41 ctgacgcgtc gtet^tatag egttt.cgt.ct etgaagcgat tcgtcctact cttetaggta 
1801 cttectteat ggae-fcte-fcct ttgaettgtc gggattccgt cafccgttcct gttgaotteg 
1361 gotactcace ttcttcceag tgttgegtgt gtccgaaaet egetttgctt taottttctg 
1921 tgtctetgga gacaaggatg aaeagaggat tcrtattyica etaccactga ggagcaacca 
1981 getcgetgat tggaetttcc ectcaattac afcc-tgaggct tcgtcictga aacat^tcgg 
20.41_tto^at tot^ctq ttcgcga^ tcgcctcg c^_ gtctegcc^g g_,acg cttta t ccg c, 
2101 ttcteccgaa gccxetgtga cttgttttct tttgcgtggt ttcccctcto atggcegccg 
2161 tfcagattcat egogtttcta tttaggateg ttctgtcctr taattcaatt caaoatgagc 
2221 tgotttttee tgcgeegtct ccctgttttg cgcgcgeata cccacgacga gcgcgaattg 
2231 cgtcaagcec tceggtgtet cgttttegog agccg-tgtct gttetgcctc ctetgcctca 
2341 ccttttaocg cgtetatotg ttotgegccg tcagtetegt ctgtgtcttg tctctcctct 
2401 ctgcattttt atfctccactc tgtttttgog tctttcctta ggtggacgca gtgtggccgg 
24 61 gatgggggea tgcatcggag aatoagaaxt tgcctcgtcg tttgicggag ttggggatca 
2521 cgttcattgg ceetagtgca acagtgatgg etgotcrtgg aga tannn to gcggcoaaca 
2581 tcetcgegca gacagoaggc gttecgagea ttccctggag tggagattct oteaaggcga 
2641 cactcgacag cacgggcgce attec-tagcg atgtaagcag gcgttttcac tatggacata 
2701 atagaccect ttcgagttto gacgtottcc gatgtcatco attcgagggo tcttottcga 
2761 ctctataaga agaaaogeat gaacggacaa aaggaaegtg aagaccttag aeagggtaac 
2821 atgcgoatat atatatatat atatttatat atacatatat ttatatatat atatatatat 
2881 gtgaatgtct gaaaatgcca gttctoogca gtggtatttt tgtggcaaca tgtatatota 
2941 tatatgtgta tgcatacaca tataaataca tatatatata tatatatata tatatattta 
3001 tataaataaa tatatgcaga tttgrctatg tgcgtgcgga ctccgtgctt tacgtttgtt 
3061 tttagatttt cgaccaagcg acagttaaga gcgtggagga atgcgagaag gtggcagacc 
3121 geattggtta tecgatgatg attaaagcga gtgagggagg oggtgcaaaa ggaattogca 
3181 tggtcgatcg gaaggagcag gttegcgggg agtacgagca agtcgtggct gaagtoccag 
3241 gatctcotgt ctrcatgatg caactctgca ctgoogoteg caatatcgaa gttcagattg 
3301 tgggggacga agatggaoag gctgtcgcto tcagtggcog cgactgcago acgcaacgao 
3361 gcttocaaaa gatatttgaa gaagoaccgc agacgactgt ogttcotccc cacacaatga 

34 21 agtacgeaag agaeacgacg cggcaaeaaa aaatcctgca aegcggaaag actgggagga 
3481 cacagccogg aggagaagaa aaaeaagaao gataaaggag ggggaaagoa aaggotaggg 

35 41 agaaaacgaa caaggataag ggaaggagga caacgaggag aaggg gagg a aoagggcatg 
3601 gaagaegaga gcaegacegc tgaaaeoaag a-fecggttcto gcctccggtt tcgaggttgt 
3661 gtgactottt cgogaggogg gtogagtgta tatt^gefcfcg aggcgttctt cctgaggtgt 
3721 cagtgotaga gagggaagga aaggatgaac gagttgacgt toaccgttgc geggagagtg 
37 81 aaaaaaaaag actgotttgt ggggtgtcea octttccrtca aacgtcgogg caoattttta 
3841 agcottccag tggcoactct aaaccaegcg agggteaagc aggtgtgaaa oagagatotg 
3901 ttotcgtcag tettogccto ttaotocttt ctcttctccg agagagaaaa tggaaoggag 
3961 gcagt at cca gagdtcgaca gaatggc-tto gcatctcgct tcgctttttc aotcacttta 
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40^1 rrggaaag-:- :*:ct;aaaqa -cc --gaagg 
4081 iczigc-^-g cgrga-rg-rr s-igeeg^gag 
4141 ccg-rriaqcg ggtt-c=ec-= cgatrtsgrre 
4101 tccgc^ggag acc*;ggaagc gcg e tu r ryg 
4 2 Si trrqcaqagag a^ggagoaag cagct.cagcg 
4-21 cggcaccgnc gag-iac^tgt acaa<tcgaaa 
4 331 tccgagac^g eagg-rggage atcctgtcir 
4 441 tgcrsagctc caagrggcca tgggaattrc 
4 501 cmgggcga gacccaaacg caggcgacrg 
4 551 catscagcgc casgtcetcg cggrgagcaa 
-TS21 tts'tracgsg g-tgetgctc* cgat^c-cacr 
4 a31 tgngacg-rig agtcgcaa^e g-taaergaaa 
4:41 a-aetgc^cc ace— acega* acaeaeatae 
4 301 catacpact tciaatacar acatacacac 
4 15 1 ta^s-a-ara tggtrtitgg tttorst^gg 
4 321 ggaj^tratt ttyttttcag tctcgag-tga 
4 931 cgacgag*gg tegcgtagat cgccrtggaat 
5041 t^tecgtggg cgccag-tgga ggggrtccacg 
3101 tcgcgaeggg gaagaatcgc gaggaggcgo 
5i«l tgga-gtccg tggegagatt cggacgccaa 
52 31 aagae-rtcat cgaaaaccgc ategacacat 



cgngagaggg cgcaeggtcc cgcgacgir^ 
^gacccsgg^ gssrrczgsgr: c^c^gg^tcc 
xagagag-STa crr-ggrg^r trtrcc^aca 
tcctsacagc gt^e*~rgae t-tgttgc-sg-s, 
cctgacgeag tc-t=ttgggt aeg-tgggcgc 
agacgacaag t--i.tc^ce tsgagfitgaa 
ggagggcg-^ accggrgrca atrtgccggc 
tirtgrggcga a^cagata tt=gccgg-rt 
catsga-rrtc a-scaatgagg acrtaec*??c 
ctgga^gcaa cgaaegce^g cgcaacgagc 
aaaaag^g^a cazgeggaca ig^gcag-t^g 
agaag-trata aatattcaaa aa gtyers ea 
acatacttaa cazatatata tatatacgtg 
ataeaccgat acacatgata ^atatatata 
ttgagcgg^t ggaagtgear ggat^gat** 
cggoggagaa teecgacgaa ggattcaagc 
tcoagcete^ ggagaacgtc tggggatact 
agcacgcaga ttctcagttt gggcacattt 
ggaagaagct ggtgeregge ctgaagcgcg 
tcgag-tac^t gg-tgeagcrtg ctggaagata 
cgcggcte 
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LCCJS 
ACC3flSrCH 



5365 - p DVA nr/ 30-CCT-1399 

' iegt7l-CsA cdrtor/Uae 2 (ICCS) gaao, partial 



AUT3CR3 



Mclaod r 3. and Gomicxi,?. 



ACT30X3 
TZTLS 

aocree 



COS 



CC3. 

AP137613 

Toxepiaaaa gcnr 4 ' 1 . 
Taxoolaana gondii 

Sugary at a; Alvaoia'taj Aoiccnpla**.* Ccccidia; 
aarzccyatidao ; Toxoplasma . 
I (baaaa I to 6985) 

Suitor, 2., Johnson, J.J., Haaeiiara,^. 
Grrrtl of Tcoccolaaaa. gondii i~3 ishi-bi^ad by 
4r7lc37?haao ^ jrc pl oaa ta harairi^a tarring acatyl-CoA 
earboxylaaa 
Unocal 1j had 

Ltl^r!"/john^ol!j.J.. Baaalkorn,*., KeLacd,*. and Goraicki.?. 
Direct 3abaiaaion BU . 
Submitted (10-OOT-1999) Molacnlar Gaaatica and Crll a *««W ; n<s> 
Univaraity of Chieago, 920 Baa* 58th Btraat, Chicago, tt 60637. USA 
toe at ion / QoalXf iar a 
1..6965 

/ organism- - Toxoplaama gondii' 
/strain--^ {XV ) m 

/db xref »"taxoni5811" ^ 
4oin(<i.. 39,412.. 600,902.. 1222, 2554.-2783,3357.. 3531, 
^a»iT:.4l30 P 4gB7.. 4812, 5274. -536 0, 5770. .3826,6311. .6426, 
S938..>6965) 
/gono-*ACC2 - 

/product^ " acoty 1-CaX carbexylaaa 2" 
<1..>6965 

Jc^u!jl*m. .600, 902.. 1222, 2S54.. 2 ? " ; 33S7 .3531, 
3981.. 4130, 4687. .4812, 5274. .5360,5770.. 5826, 6311. .6426, 

6938..X965) 
/gena-*ACC2* 
/eodon etart-1 

I^DC3I0R*C01ttIZZCPWAAPPEVV3^ 
T2QrWT*VRAJU*V2HWrZCVCT 



1683 



& 1627 o 1841 g 1B14 t 



BASE COOTT 

0RtC1 " 1 cctnctc. ttgccaaoaa o,^ct,« ,o*g~.ggg 

St agegtgt , 0 q t M .,»gocg egagd*«* *fce*geeeaa «£«awel 
121 alglcaggg- agtagagege eggeaogooo g 9W! cW T^"!""- S«S 
IB! agl^aaHgg mc4f<»fe ggggagecao aagoaeagga ££^ggga 
341 tctgoaggoa aggegggaga ggaacaagaa J9?»W»"« !!.SSoeaa SrtrtSJaaa 
301 „ a ,L^a t g acaaggggao gagaagcegg l^atSgt 
361 acgoaatcat gttgetgaoo otggagtttc aoototeegc HlSteg?* 
421 agcafcgogtc actgggogta tgag^wrto gggaao.gea fM""*^ "ncSctac 
481 atggooaoxg eageggaeafc agaegecaae grtgaaMAa ttgetgaago agaenc 
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4 1 r^egaag-gc tr=c==^qcc gaaeisgaae aae^acgcca i^-rgca:^^ rocac 
aaaag-rra cggaacagge caac=ga*cg ccggaggaag cgcgacagcg geg"2g-- = - 



50 

54 i ceatacgccg agagcg*rrrr gs^s cacacg c cl^l. 



' z - a^?acegcgc igaacgcgg-i ggcacgaaec eagrtrcacc gcaeaacggg aqccytsg»r 
731 agrtagcggac gaacurragc gregirtgcgc ag^caa-sgrg aggearzcgg aegtgaggac 
J4i gctctgt^ gg^gegac*:g gteg^aagcc ggegatgcTi ^tt^ttrt t:rt--«-eg C a 
901 gacagccgag acgracgagt gegacgeegn qriggccaggc rgggggeatg cg-rcggaaaa 
961 tC3cegcc«M icrgegarrv: *geagaeges gaagagcaaa acaa^ttgga txggaeceag 
1021 cccgcaagcg argtrrrgege tgggegacaa gateggatrr gecgrsatrg etsag^ccgt 
1081 caacgtgcct tg^g^gccct ggssagg^ga gaecagaage eeeaagegcg eagacacaca 
1141 gccgcacagc aaaacacggc ga*isgata*i£ tecaccecac tissacacac gagaairtat 
1201 geatrtg-iet atatmgtat e^tataiar a^ata-sa^at; acgtara-sg^ ata^a-tata^ 
1251 atautatAt gcargtctaa a^gggtacgc cytt^sagag rcg*gg-cac agaaagacag 
1321 geae^-gigg ag-:~g-gceg azgaaetatg caaacaagte g-i?gaac^gg cttttateto 
1381 ccgctttrrga catc^-tatc gacttttgga egxgrtgaegc a^eaagaaac acacaeaaca 
1441 teaaaatuta tgtaaa^a-sg *ara*g-targ cat**g*acg tata^atata tatatatata 
1301 tatatatata *:ata^a^a^a t**g<rt^rta tatetatg^a ^atrt^gag ag^ggtagga 
ISol ectteatg^g tasgra'ss^a geggggae^g ctag-tg-jggt rrg^gtgtgt caHg-tgogag 
1621 ttiec-~*2gg acgsaaactg cagtat^et* cagitatesa g^gctt*aeg aattt:gaatt 
15a 1 gaaacacggc agcraaatca aeaggggteg catgcacgr* cccgrtgagga aaggtgacgt 
1741 tagteggteg tttectr^gtg eaatga^geg caagtegari caacagagto coacgctcac 
1801 gategtggat tcagagtgca ggactacgrg acgttcagga acgcgg c cgt c tt g c agctt 
1861 tgaagaaaac gtgtcaaacrt gagetgrcatg eaaaotcttg gtaaacgatc gtgtgaaagt 
1921 tctcttttcc g-tact*c*g£ tgfertttrtoc eteacattgt tgegt^ttct g-tg-ttgact^ 
1981 fcgcctctte* gcatr^ectt. ctgtttfc^ta tgrtttcagg catggaegtc actgtggaee 
20 41 tgagtcaagt cgaccccaco aaaggcc^g* egcagcagae actsgeagct geatgcgtgc 
2101 agteggeeaa ggatg-taggc CBtgceaaaa gtttttttto caggaaaagrt gga^ttgtte 
2161 cggcaatgea agtgaaoat* egagagagcg cttcggccea taggregeca tccgtttrtc 
2221 cgtcaaacea otgtttt-rac ttetetetag gcgttatg^g gtetetatat acgcatetat 
2231 crtatcaatcg tgtetatgtt etgggacgce gccggttcgt c^agaacgge aatgcrtagca 

23 41 eataegaaag atgcetc^ga aggcggeeaa ggaegtgeag tcaetteg*g etcagaccgg 
2401 agattcafcag atgcagatec ecacagagat aoaoc igc gc a?gceaaagc acaoacgcat 

24 61 atatatata^ aaaaa^xcat a^agagaggo otttetagac tcacatatat atatatatat 
2S21 atgtaaatgc atataaa-tag atgegoatgt tagaaggtet tt-itgaegtg etrtgtggacg 
2581 catttcgect. ttcogtcaca tcaggtcttg gaotgttgcg cgaaaattgg atatccegtg 
2641 atgattaagg ogagtgaagg aggaggcgge aaaggea^te g-tcgag-tcao gaaogaagag 
2701 gaggtcgecg acgcgtatcg ccaggtggta aacgaagrtca aaggttctco agtg ttt gte 

27 61 atgcgcafcgg tetccgattg caggttcgtt atttccttct t-gtogttge tccacettct 

29 21 cgcgtatttg tcttttccat tcgcttagct g^ctccgrt^t ^gtctccatt occrtccttct 

28 81 cgctagcgta tctggtctca tgtcgcgtgt. ogcacgc^cg cctctgtcaa gacgcgagtt 
2941 tttcaotcca ectcgcgete gacgagaggc gcgaaactct tgaagagatg agcggctgtc 
J001 tgg-t^gagag aaaatacatt ttcgcgtcrko ogcgaggett ccaggotacc aggggtcggg 

30 61 tcgaaogaag aggttccacg tggaaaacga gtigecgtcga ctgg^ggogg tctg-t^tcgt 
3121 tgtcgccggg gattcgogtt tgetggggtg gctgcttgct tggaaactag tagctagtcg 
3181 tg-tgaagtga aeacgaacgc gtttccatcg aoatgggaaa caggeggaaa egeaaatgtg 
3241 gagatocgeb egaaggtgtg aaaagaeagc acttccagcg aagaagctga gaagcagacc 
3301 tte*tcagtt ccggcteeat ogtgetcacg cceteacact tgccgctgg-t gtacagacaa 
3361 ctggaggfccc agctc^tggc agacaagtcg gggcggtgcg tttogctcgg aag tc gggaa 
3421 Xgctcaattc agagaagatg eeaaaaaatc attgaagaag gccccytcgt tgoagotaot 
3481 coogagg-tcg tttctCaaat ggaggaegct gcctgccgga tggtrtatggc ggtgag^tgtg 
3541 agcaaataga goatcacgca agttgccgtg agaaaaerga atcrtccatgg gatgccaett 
3601 tgaag<rttca caggaaegcg t^aaagcrtaoa tgcttcrttga cgTtttcecrt oggaegeeaa 
36 61- grtgaeaeaag agtcabcegt tactccgaga tgaoogcttt acatagaogc atatagtcgt 
3721 atat^cagat acgecgtgat. gtrtttggtat gtacagttgc ac<rtacgtat ataoaoagao 
3781 gtgtatttgc atgogaottt atag&tcaaa tgtgtaoaoa tccattaaaa tataaatata 
3841 tgtatatata tgluitattta tatatatgcg tatgoafegta tacctgcgta gaogtgtgtg 
3901 tgtgtgtgta catgtgtgge cagcggtata caegtaoaca tgcatgcatg gattgggttt 
3961 atgttttatt ttegttgcag gtgg79tatg agaatgcggg aaoatgtgag tttttgtacg 
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40 



*u.* aeec»aa.c tsacsa?^ OTnmff ^ cct =" a Wagcaeg 

4081 r^r-=W gatr^caaec -rcc^cc^tp: ^agc^cag *wac*c^ 

414: icccaccrtt; ct^aaaaaq gc<yaaaa<;aa eg^nsens ^w.^u toccc^ccc 

4 201 *c^cc-_=?-. tgacacagac tcat^gaac acaaat/aaa actga^caca attcciuti 

aiit^aL* K*tK*4» ana^ara^ autttatat a^a^a~- 



4141 -a-a -i -j^vv- m m" — , . . , „„-,_ 

4321 etyiatTtag iatagg^asa tatgaagana accacaaag? aeesc*a.T= axgga_aea- 
438 1 acirstcatac gettaistit gweatTtgc atgcgagag-s gtaiSTSgeg tcs,.,_gtg 
"Si 22^-ag2 gcaactg^a gcatgacaaa raaa«a*a gag^aca-J 

«5ot c22£2g cc-.gc-Jc-.c «*gc=caca c^-a^a £££££ 552522. 
4551 ataurcat a**a*a«a* atgaata-.gc ytgatttrsc «J«tt^ 

4S3 , ^-—--at* t-eaaeoacq gggnaatjcga tgcgcgcTtt eegur xcqcz n 

!" : teS^g 5*25555.5 25ga«eg.« gacatccc.g .iatea^ge ct^ttfgic 
474I tcg^ggcca gcaaHagcc cg«„a.aa caca«a----, "fS^ 
4301 c.tgeacaag ur4«««( ttgttetcea egeaetcagc ggagtegW **f2l^! 
«Si -_cg5*ac«5 e£gcg2* cctaea-.ggg *f*2225 2222ge 

♦ 921 g---gg*Tiat erageagW teagttgtc* ctgtcegtgc 9«*«nVf 2^22t 
4981 r r .t^=-. ccagacatca acg«g*gic «tc,«ett UtrtMeM 22222 
5041 cgtg^gcg tctctactet aogrttgtg-- acec-.t-.cca t«tctg«««« 
3101 g?g,a*cc« g-.g*atacgc g«g«gagag agaggagrgc *9«f""» c 
5161 gggaggctgg ttgctcacta cgtgaatgg* cttacge^ tctgaaegag 
5221 '"ccHagc «^catgca aca«%cc%«e teacggtgca *gcgcgc.*g 
5291 ,2c,ac.g* cggccte,;, cacg.grtca cg«*cgc=c 2|2a552 
5341 2«««««ega« cggcagcaag gtgaggaaga cggaagatt* 22222 
5401 ttagggaace ggaaaac«ge gagaaagaoa gcgagacag* 525222 
54 41 tggelceaaa gegwgageg ctttaeteag tggatgga« 5252252 
3321 caegagacge aec.gaogca gttwtrtg* 22222 222-52 

SS81 accg scgtg gaaagggagc c*g *cggc*e 252252- 2cg255g5 

5541 agfegaBSaa gttgogttgg cg*eecagag gagtewgtg "^S^^S^Mira" 
5701 etggtgtctg ggeaactgtc gg«ctgtea aaaagctttg rtcttcegae 
S761 cc2clcagg gaaaaatcoa cgegtteaae gacgcttafft "gg"^" 52X22. 
5921 gggaaggtlg gaaggaagge aagaacgagg acagagaacg 22222a 
5381 cggagloaga gaaagagegt eeaaggoag. caoocagatg 22222* 
5941 gacgaag.gg aagggaggg, caacagggga «-~"«" 22222 
5001 agagtgacga gggagagaag gagagaaacg .WW "^22, gtegggtgco 
6061 acattgcgtig rtggggatrt oagaga.g.g 22225* 2agTg2«a 

S1J1 cgatcttggc tgaaaatgag tgaatgcaca cfUWMi ''"^^a totttggoga 
S181 .a.«« U tgt: ggacgtgtga atgaecotga 22g2g2 tggtcaltgt 

6241 cg*,«,a,c, aggotogaaa .agcgaccaa jagartcgc? ^2c2Ca ag£2tgac 
6301 tcaatt^ag gac.gaogo, aagctgtcaa 22t2tgg aHatcclga 

6361 aatccgaggg gaactgagaa egaatgtaga ggctrtgatc « cagcgctctg 

6421 eztegigtla goatccttcg tagartrta, ccctagacco 22Lta t a 
6481 tcgatoaca, aartcacatc cacaglrccao at,,.»t « »9cgcc*g*a ^ 
6341 tatatgtaaa tatatgtaaa tatatgtata tatttaUU *22*22 gtc'2ag«e 
6601 cact^ctct ^taatgtafe ttgtaagtgc »t«,e^tet 2g*tga2c 
6661 gtgggtatao gtgtaaagtg ectttatagc acgtgagtgt 22agagaa 
6721 Igillktrtt egtggagata tgtgtgtgg* gaeageagcg 22252* 
6781 gogottttet gcg.gttgtg attt»c*«g a«^«e««* !2222a 5a2gtga4 
6841 tattgtotga ggegeggt« gagaatgeat g*cgaaaeee a a 2cgaoaa 
6901 eotgigtgea Itcagttgaa atgtttrttt toteoagagc caa«gaaacg caeacg 
6961 ggctg 
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ICC* 3 
ACC333ICH 



AUTHORS 



JOU7CCU. 
F3ATU333 



gene 
CDS 



3AS3 COUWT 
ORIGIN 

L 



Crntsacc: 



23 3 bo :na ~/ 



30— rCT- 1399 
{ XCZZ ) -rma , 



Cryproscorlr 1 ' — \ pa 
Cry7r C8 corl riJ . nm 

SuJcaryota: Alvoolaca; Apiccapiaxa; Cccc'ilA; 2i=cri±da; 
Cr7?t=ocorirl ; idao ; Crypto ocorld±:=a. 

1 (baaos 1 to 393) 

Junior, 2. , Jccnaaa,J. J. , HaaaLfccm, X. , Hdacd,3. oad CoziicJci.,?. 
Grc^ta of Toxcol imm gondii iJ -nhi bi-ad "ry 
aLT7iox7t>b«noay7ropicnatJS horbicidas tarr^i^? acetyl -CcA 
carboxylase 
Uapubllabad 

2 (baaos 1 to 393) 

Juthar.C, Johaaoa,J.J. , aaaelxara , X . , >*c^acd,X. and CoraleJcl,?. 
Diract flnhnH a a ion 

Submit tod \ 10-JU3-1999 ) Molaeular Ganetics and Call Biology, 
Onivarsity of Chicago, 920 2aa* 59 til Straat, Chicago, IX 60637, 03A 
Lccatioa/Gualifiora 

I. .393 

/ organism- - cryptooparlditt» parr^s* 

/db xxo£- - taxoo:5807* 

<1.T>393 

/gane--ACC2* 

/product-" acotyl-CeA carboxylaja 2" 

<1. .>393 

/goao--aCC2- 

<1. .>393 

/gan«-**ACC2" 

/codon start- 1 

/produot=" acetyl -CoA caxboxylo-»» 2" 

/ t^aaglatloa-"BflG<MG7CCIBL<^5MSai^BZra^^ 

Bi^r^vi.cDJCYCDv?Ai^T3acTiQa^a^i3gG7VTrv5qgrv7cz T rT . ^n uccxa. 

VGT S 3ACTV2rXTBI2MCIAriJ5VKaJC. " 



129 a 



54 a 



// 



agetoaggag gtggagggaa 
61 aattacagac aag-ttataaa 
121 aataagtgta ggcacctaga 
1B1 ttgageacaa gagattgeae 
241 gttacaattg tgagtcaaga 
301 aaagctgtgg gttattcatc 
361 tgtatagctt ttcrfcagaagt 



104 g 

aggtatocga 
tgaagttaaa 
ggtteaagta 
aatacagagg 
gattgttaag 
tgcaggaaot 
taatgecaga 



106 t 

ctttgeagtr 
ggtagcea^g 
otaggagaea 
cgtcaccaaa 
gaattgga?t 
gttgaatttc 
tta 



ccatggaaga 

tatttgttat 
aatatggtga 
aggttataga 
tatctgeaga 
tatatgatat 



cctagaatca 
gegagcagtt 
cgtgttcgca 
ggaagggeca 
gaggatgtgo 
tgaacgttca 
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semes 
azreizrics 

A0T3CRS 



a?: 



•T513 



?J 3NA 
i^aaa aeacyl- 



AUT20R3 
sourea 



gena 
CBS 



*a.Liria ?araai.ta ?. raJLcipar^B. 
PlaamediaB ialeiparua 

IuJcaryot.1; Al7?ola?j; Api^csplaxa; Zaeseaoorida ; Plaaacdltim 

1 (baaea 1 to 393) 

luti«r,3., Johnaoa,J.J. , HaaeJJcnra,*. , -HcLecd,*. and Comieki. * 
Srevtn o/ Tcrxcplaama gondii ia inhibited by 
aryloac7nh*nuj.7UL upionAta harblcldag tarcatlng acat-rl-CcA 
carboxylaae 7 
CaptibULahcd 

2 (baaea X to 393) 

Sufaaittad (10-JUH-1999) Mai ocular Canatles and Cell aiologr, 
University of Chicago, 920 Zaat 38th Straet, Chicago, 11 60637, USA 

tooatlon/Ouallflara 

1..393 
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241 ccatctgttg taccatatco tatatttcga gaaatggaaa aatcatctat acgattaact 
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J61 aaatattttt tcttagaatt aaatceaaga tta 
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ar7la%7?aaflax77ropionata horbieldas targeting acatyl-CcA 
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24 X occtoagttg tacctccgaa tattttcegt gaaatggaaa aggoatccat acgtictaaca 

301 aaaatgataa aatatagagg tgcgggaaot attgagtatt tatatgacoa ggagaagcag 

361 acttattttt ttetcgaatt. aaatoctoga ctg 
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© inhibitors are directed. Diagnostic and therapeutic reagents and vaccines are developed based on the components and their inhibitors. 
^ A cDNA sequence that encodes chorismate synthase expressed at an early state of Apicomplexan development, is disclosed and may 
^ be altered to produce a "knockout" organism useful in vaccine production. 
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